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ABSTRACT
This research was conducted to obtain a better understanding of the 
amino acid needs of finishing pigs. Twelve experiments were conducted using 
the urea nitrogen method to determine the lysine requirement of gilts and 
barrows. Two experiments were conducted to determine the optimum ratio of 
total sulfur amino acids to lysine for finishing pigs (74 to 111 kg); and three 
experiments were conducted to evaluate the net energy content of low crude 
protein, crystalline amino acid supplemented diets for finishing pigs (70 to 117 
kg). The lysine requirement of gilts, as determined by the urea nitrogen method, 
decreased as body weight increased from 20 to 80 kilograms; whereas, the 
lysine requirement of barrows decreased as body weight increased from 20 to 35 
kilograms, and then remained similar as body weight increased from 35 to 80 
kilograms. The optimum ratio of total sulfur amino acids to lysine for late 
finishing pigs is .40 to .47 for growth performance and muscling traits as 
determined by serum urea nitrogen concentrations, average daily gain, feed 
intake, feed efficiency, fat-free lean, lean gain per day, and retained energy in 
fat-free lean as protein. However, the optimum ratio to minimize fat traits is .65. 
Finally, finishing pigs fed low crude protein, crystalline amino acid supplemented 
diets with reduced net energy (either by dietary fiber addition or dietary fat 
removal) had similar growth performance, carcass characteristics, organ 
weights, organ energy expenditures, and lean and fat composition of the 
carcasses as pigs fed low crude protein, crystalline amino acid supplemented
viii
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diets (without reduced net energy) or as pigs fed diets in which amino acids were 
provided from an intact protein source (i.e., soybean meal). Thus, lysine 
requirements can be determined by the urea nitrogen method; the optimum ratio 
of total sulfur amino acids to lysine for finishing pigs is not greater than .47 to 
obtain maximum growth performance and muscling traits; and the reduction of 
the net energy content of low crude protein, crystalline amino acid supplemented 
diets was not an effective means of reducing fat in finishing pigs.
ix
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CHAPTER I 
INTRODUCTION 
The swine industry is concerned with reducing the feed costs of pig 
production. One means of reducing feed costs is to reduce the amount of the 
intact protein source (i.e., soybean meal) within a diet, and to replace it with 
crystalline amino acids to meet the amino acid requirements of pigs.
Generally, these reduced crude protein, crystalline amino acid-supplemented 
diets are formulated to meet an ideal amino acid ratio. In an ideal amino acid 
ratio (or ideal protein) all indispensable amino acids and dispensable amino 
acid nitrogen are provided at levels that are not in excess or deficit of pigs' 
requirements for growth and maintenance. Because it would be impractical to 
determine the requirement for all amino acids, the indispensable amino acids in 
an ideal ratio are considered to be required as a proportion of a reference 
amino acid. In ideal amino acid ratios for pigs, lysine is the reference amino 
acid because it is generally the most limiting amino acid in pig diets. 
Furthermore, there is more information available on the lysine requirement of 
pigs and on the lysine content of feed ingredients than for the other 
indispensable amino acids.
The ideal ratio of amino acids should be the same for all pigs of a similar 
body weight but their lysine requirement is not the same. Thus, the lysine 
requirement of pigs needs to be known for formulation of diets based on an 
ideal amino acid ratio. Also, before an ideal amino acid ratio can be
1
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developed, the correct level of lysine to feed the experimental pigs needs to be 
known; because feeding lysine in excess of the pigs’ requirements will result in 
an error in the calculation of an ideal amino acid ratio. Consequently, a quick, 
accurate, and efficient means of determining the lysine requirement of pigs 
would be beneficial. Recent research indicates that urea nitrogen 
concentrations can be used to determine the lysine requirement of pigs.
There is a proposed ideal amino acid ratio for finishing pigs which is 
based on the ratio for younger pigs but with increased ratios of threonine, 
tryptophan, and total sulfur amino acids to lysine. The finishing pig has an 
increased maintenance requirement for these amino acids, and thus, the ratios 
of these amino acids have been increased in the proposed ratio. This current 
proposed ideal amino acid ratio may not be correct for typical finishing pig diets 
(i.e., com-soybean meal or sorghum-soybean meal) because these diets 
calculate to be first or second limiting in the total sulfur amino acids based on 
the proposed ratio. However, research clearly indicates that lysine, threonine, 
or tryptophan is more limiting than the total sulfur amino acids. Therefore, the 
proposed ratio of total sulfur amino acids to lysine for finishing pigs may be too 
high.
Finishing pigs fed reduced crude protein (3 to 4% CP), crystalline amino 
acid-supplemented diets, which meet an ideal ratio of amino acids, have similar 
growth performance (gain and feed efficiency) and muscling traits as pigs fed 
typical finishing pig diets. Unfortunately, pigs fed these reduced crude protein,
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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crystalline amino acid-supplemented diets have been reported to have 
increased body fat which might be dependent on factors such as, the level of 
crude protein reduction of the diet or the level of crystalline amino acid 
supplementation to the diet. The increased fatness of pigs may be due to an 
increased net energy content of reduced crude protein, crystalline amino acid- 
supplemented diets. Nonetheless, fatter pigs may receive a discounted price 
at market, and reduce the profit that might have resulted from feeding the low 
crude protein, crystalline amino acid-supplemented diets. Therefore, a means 
of minimizing fat deposition needs to be established.
The experiments reported herein were conducted to determine the lysine 
requirement of the experimental pigs (using the urea nitrogen method); to 
determine the optimum ratio of total sulfur amino acids to lysine for finishing 
pigs; and to evaluate the effect of dietary fiber addition or dietary fat removal 
(as a means of reducing the net energy content) in low crude protein, 
crystalline amino acid-supplemented diets for finishing pigs.
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CHAPTER II 
REVIEW OF LITERATURE 
Introduction
The swine industry is concerned with decreasing feed costs and 
minimizing fat deposition of finishing pigs. Feed costs can be decreased by 
reducing the amount of intact protein source within a diet. But, to meet the pig's 
requirements for the indispensable amino acids, this diet needs to be 
supplemented with amino acids. If the lysine requirement of pigs is known, 
then the other amino acids can be supplemented to meet an ideal amino acid 
ratio. However, lysine requirements are not the same for all pigs and the ideal 
amino acid ratio for finishing pigs may not be correct for typical diets.
Therefore, within this review, a method of determining lysine requirements will 
be presented, and the concept of an ideal amino acid ratio will be discussed. 
Finally, a review of the effect of reduced crude protein, crystalline amino acid- 
supplemented diets on pig performance and body composition also will be 
included, along with possible factors that could contribute to increased fat 
deposition in finishing pigs fed these diets.
Determination o f Lysine Requirements by the Urea Nitrogen Method 
Theory
Excess amino acids cannot be stored or excreted; they are degraded 
and converted into compounds that can be excreted or utilized (Stryer, 1988). 
Upon degradation of an amino acid, the carbon skeleton can then be converted
4
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to an intermediate from which energy may be derived (Stryer, 1988). However, 
the major fate of the amino group is excretion in the form of urea (Stryer, 1988).
There is an inverse relationship between the urea in the blood of an 
animal and the protein quality of the diet being fed (Kumta and Harper, 1961; 
Eggum, 1970; Brown and Cline, 1974; Coma et al., 1995a). Thus, if an animal 
is fed a diet with a protein content either below or above their requirement, their 
blood and urinary urea concentration should be higher than when the animal is 
being fed a diet with a protein content at their requirement. Rose et al. (1950, 
1951) observed increased urea (urinary) concentrations in humans consuming 
diets deficient in an essential amino acid. In addition, Kumta and Harper 
(1961) reported that blood urea concentrations of rats increased after 
consuming a diet that was inadequate in essential amino acids. Also, these 
same researchers were able to prevent the increased blood urea concentration 
by adding adequate levels of the inadequate essential amino acids in the diet.
In pigs, Brown and Cline (1974) observed similar protein effects on urea 
concentrations. Therefore, blood urea concentrations reflect the amino acid 
adequacy of the diet being fed.
Use of the Urea Nitrogen Method (Past and Present!
Urea nitrogen concentrations have been included, along with other 
response variables, in long-term experiments conducted to determine lysine or 
other amino acid requirements of pigs at various ages and physiological states. 
Lewis and Speer (1973) and Woerman and Speer (1976) obtained similar
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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lysine requirement estimates of lactating and reproducing swine, respectively, 
based on the response criteria of milk production, milk composition, nitrogen 
balance, nitrogen retention, pig weight gain, plasma essential amino acids, and 
plasma urea nitrogen concentration. However, these experiments were 
conducted throughout the gestation and/or lactation periods. Also, Lewis et al. 
(1981), in a long-term (four week growth trial; five day digestibility trial) study, 
obtained similar lysine requirement estimates of 5 to 15 kilogram pigs based on 
weight gain, feed efficiency, and plasma urea concentration. Similar 
tryptophan requirements of growing pigs also have been obtained using urea 
nitrogen concentrations and growth performance as the response criteria 
(Lewis et al., 1977).
More recently, amino acid requirements of pigs have been determined, 
in short-term (<7 days) experiments, using urea nitrogen concentration as the 
response criterion. Coma et al. (1995a) reported that urea nitrogen 
concentrations of pigs will equilibrate to a change in crude protein level of the 
diet within two to three days. Therefore, the determination of the lysine (or 
amino acid) requirement of pigs based on urea nitrogen concentration can be 
completed within a few days. Furthermore, Coma et al. (1995a) reported that 
plasma urea nitrogen concentrations decrease quadratically with increasing 
dietary lysine concentrations, and thus they were able to estimate lysine 
requirements based on urea nitrogen concentrations. A nitrogen balance study 
conducted by these researchers verified their estimated lysine requirements
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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determined by urea nitrogen concentrations. Consequently, lysine (and other 
amino acids) requirements have been and are being determined utilizing urea 
nitrogen concentrations as an important response criterion. Therefore, the 
proposed urea nitrogen method can be used to determine the lysine 
requirements of pigs.
Ideal Amino Acid Ratios
Introduction
As the lysine requirement of pigs change, the requirement for other 
indispensable amino acids also changes. Thus, the development and use of 
ideal amino acid ratios has become common in the swine industry. An ideal 
amino acid ratio (or ideal protein) is a ratio of amino acids in which all 
indispensable amino acids and dispensable amino nitrogen are included at 
levels which exactly meet the requirement for growth and maintenance of the 
animals being fed. Ideal ratios include the minimum quantity of each amino 
acid that is needed to induce maximum growth (Wang and Fuller, 1989). In an 
ideal amino acid ratio, all essential amino acids and nonessential amino 
nitrogen are equally limiting (Wang and Fuller, 1990). Thus, the amino acids in 
an ideal amino acid ratio will be at levels that are not in excess of the 
requirements for the animals being fed (Baker et al., 1993). Furthermore, an 
ideal amino acid ratio should result in maximum utilization of protein by the 
animals. Moreover, animals have an ideal amino acid ratio for maintenance 
and for growth plus maintenance combined. Fortunately, an ideal amino acid
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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pattern determined for a specific weight range of pigs should apply to all pigs in 
that weight range regardless of factors such as genetics or gender (Baker and 
Chung, 1992; Baker, 1997).
Reference Amino Acid
In an ideal protein, the indispensable amino acids are required in a ratio 
to a "reference” amino acid. This "reference” amino acid is the amino acid with 
which all other indispensable amino acids are compared in the development 
and application of an ideal amino acid ratio. Lysine is the reference amino acid 
in ideal amino acid ratios for pigs and has been selected as such for several 
reasons. Most notably, lysine is almost always the first limiting amino acid in 
typical pig diets (i.e., com-soybean meal or sorghum-soybean meal; Baker and 
Chung, 1992; Baker, 1997). Also, even though lysine requirements are not the 
same for all pigs, there is more information available on pigs' lysine 
requirements than for their requirements for the other indispensable amino 
acids (Baker and Chung, 1992; Baker, 1997). In addition, the availability of 
information on the lysine content of common feed ingredients is greater than for 
the content of most other indispensable amino acids (Baker and Chung, 1992; 
Baker, 1997). Lysine is used exclusively for protein synthesis within the pig 
(Baker and Chung, 1992; Baker, 1997), therefore, if the lysine requirement is 
met, the requirement for other amino acids should also be met (based on an 
ideal ratio), which is necessary for the production of lean meat.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Development of Ratios
The idea of an ideal amino acid pattern began with the development of 
the chemical score index by Mitchell and Block (Chung and Baker, 1992; Baker 
and Chung, 1992; Baker, 1997). The chemical score index is a comparison of 
each indispensable amino acid, in a protein source, to the content of a 
standard protein, usually whole egg. A percentage of the standard protein is 
calculated with the lowest score (percentage) considered as the chemical score 
of the protein source. However, the chemical score index does not consider 
the difference in the digestibility of different protein sources and it contains 
excesses of amino acids, therefore, the chemical score index is not an ideal 
protein (Baker and Chung, 1992; Chung and Baker, 1992). Nonetheless, the 
chemical score index did precede the concept of an ideal amino acid pattern 
and early attempts to develop an ideal amino acid pattern were based on the 
simulation of the composition of intact proteins such as casein and egg protein 
(Baker and Chung, 1992).
The first ideal amino acid pattern was established by the Agricultural 
Research Council (Baker and Chung, 1992). This pattern was derived from 
amino acid requirements of growing pigs and from estimates of whole-body 
amino acid composition of growing pigs (Baker and Chung, 1992). This pattern 
is essentially the amino acid composition of whole-body protein of pigs. Thus, 
this may not be an optimal pattern since pigs have requirements for both 
growth and maintenance, which are not considered in this pattern. In addition,
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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only 30 to 40% of dietary protein is actually used for protein synthesis, whereas 
60 to 70% of the amino acids used for protein synthesis are derived from body 
proteins (Baker and Chung, 1992). Consequently, an amino acid ratio based 
only on amino acid composition of body proteins may not be adequate as an 
ideal amino acid ratio for diet formulation.
Moughan and Smith (1984) developed a balance of amino acids for 20 
to 80 kilogram pigs based on an average of amino acid requirement estimates 
from other researchers. Moughan and Smith (1984) fed casein based diets 
supplemented with synthetic amino acids to meet their proposed balance of 
amino acids. Nitrogen losses from the pigs fed the casein diet were compared 
to the nitrogen losses of pigs fed a protein-free diet The dietary protein was 
utilized with 94% efficiency, therefore, they determined that their balance of 
amino acids was close to ideal. However, the evaluation of an individual amino 
acid's ratio to lysine was limited. Also, the use of nitrogen loss determination 
as a means of evaluation may be misleading since nitrogen loss can vary in 
response to protein intake and to the type of protein fed (i.e., amount of excess 
amino acids that have to be deaminated and excreted). Consequently, the 
ratio developed by Moughan and Smith may not be an optimal ideal amino acid 
pattern.
Wang and Fuller (1989) conducted a series of nitrogen balance 
experiments to determine the optimum dietary amino acid pattern of growing 
pigs (20 to 50 kilogram). The diets fed in their experiment contained casein
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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and synthetic amino acids and were fed in a series of amino acid deletion trials 
(deletion of one amino acid in each treatment diet). Nitrogen retention was the 
response variable evaluated. The results of these experiments determined the 
pattern for the total amino acid requirement of pigs (their requirement for both 
maintenance and growth). Another experiment conducted by Fuller et al. 
(1989) utilized casein based diets to determine the amino acid requirement for 
maintenance and the amino acid requirement for tissue protein accretion for 
growing pigs. Again, the amino acid deletion method was applied to a casein 
based diet.
Following these experiments in which intact protein sources were used 
as a means of ideal protein determination, Chung and Baker (1991) attempted 
to develop a chemically defined (or purified) diet to produce optimal growth for 
the ten kilogram pig. This chemically defined diet was based on the amino acid 
requirements of pigs and puppies, as well as on the chemically defined diets 
already developed for chicks and rats. An ideal amino acid pattern for ten 
kilogram pigs was developed from the results of this experiment. Additional 
research conducted by Chung and Baker (1992) evaluated their ideal amino 
acid pattern compared with the patterns of Wang and Fuller (1989) and the 
National Research Council (1988; based on the pig’s requirement for individual 
amino acids). Ten kilogram pigs were utilized in this research. Their results 
indicated that the pattern of Chung and Baker (1992) produced the greatest 
gains and nitrogen retention. However, the differences in weight gain due to
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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the amino acid pattern fed may be due to the weight ranges the patterns were 
initially developed for. The Chung and Baker (1992) pattern was developed for 
the ten kilogram pig and the Wang and Fuller (1989) pattern was developed for 
20 to 50 kilogram pigs. Therefore, the ideal amino acid pattern probably 
changes as pig weight increases, due to changes in maintenance and growth 
requirements as pigs mature (Fuller et al., 1989).
Finishing Pios
An ideal amino acid pattern for finishing pigs has not been determined 
experimentally. However, Baker and Chung (1992), Baker et al. (1993), and 
Baker (1994) have proposed an ideal amino acid pattern for finishing pigs 
based on the pattern for young pigs. This proposed pattern has increased 
ratios of threonine, tryptophan, and total sulfur amino acids to lysine. The 
ratios of these amino acids to lysine are increased, compared to the ratios of 
younger pigs, because the finishing pig has an increased maintenance 
requirement for these amino acids (Hahn, 1994; Hahn and Baker, 1995). Hahn 
and Baker (1995) conducted an experiment to evaluate the proposed amino 
acid pattern for finishing pigs. The results of their experiment indicate that 
finishing pigs require increased ratios of threonine, tryptophan, and the total 
sulfur amino acids to lysine relative to the amino acid pattern for young pigs. 
However, these three amino acids were increased simultaneously in treatment 
diets and were not studied individually. Thus, it is not known if the growth
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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response was due to an increase in all three of the amino acids or due to an 
increase in just one of these amino acids.
In particular, the ratio of total sulfur amino acids to lysine in the 
proposed ratio may be too high. Finishing pig diets (com-soybean meal or 
sorghum-soybean meal) calculate to be first or second limiting in total sulfur 
amino acids when the proposed ratio is used. However, research clearly 
indicates that lysine, threonine, or tryptophan are more limiting than the total 
sulfur amino acids in pig diets (Russell et al., 1983,1986,1987; Cervantes- 
Ramirez et al., 1991; Hansen et al., 1993; Page et al., 1993; Brudevold and 
Southern, 1994). In addition, reports on the total sulfur amino acid requirement 
of finishing pigs are not consistent. Reported total sulfur amino acid 
requirements range form .17% to .45% of the diet which are ratios of total sulfur 
amino acids to lysine of .27 to .75 (Allee and Trotter, 1974; Brown et al., 1974; 
Roth and Kirchgessner, 1987; NRC, 1988; Chung et al., 1989; Lenis et al.,
1990; Loughmiller et al., 1997). Recently, Loughmiller et al. (1997) reported 
that the required ratio of total sulfur amino acids to lysine for the finishing pig 
was .50, whereas the current proposed ratio is .65. Consequently, an ideal 
amino acid ratio (especially for the total sulfur amino acids) for finishing pigs 
needs additional refinement.
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Low Crude Protein, Crystalline Amino Acid-Supplemented Diets
Introduction
Once lysine requirements are determined and ideal amino acid ratios 
are refined for finishing pigs, low crude protein, crystalline amino acid- 
supplemented diets can be formulated that very closely meet all of the pig’s 
amino acid requirements with only a minimal amount of excess amino acids. 
Pigs fed these low crude protein, crystalline amino acid-supplemented diets will 
have reduced need to catabolize excess amino acids, as well as less excess 
nitrogen to excrete, compared to pigs fed diets in which amino acids are 
provided entirely from intact protein sources (i.e., soybean meal).
Growth Performance
Reports in the literature indicate that growing and/or finishing pigs can 
be fed diets with reduced crude protein and supplemental crystalline amino 
acids without adversely affecting their growth performance (Easter and Baker, 
1980; Stahlyetal., 1981; Kerretal., 1983; Fuller etal., 1984; Kerretal., 1987; 
Noblet et al., 1987; Hahn et al., 1995; Kerr et al., 1995; Lopez et al., 1995; 
Cromwell et al., 1996; Tuitoek et al., 1997b). Similar growth performance has 
been obtained from pigs fed diets with crude protein reduced as much as 4 
percentage units and supplemented with crystalline amino acids compared to 
pigs fed diets with amino acids supplied from intact protein sources (Kerr et al., 
1995). Pig diets can be reduced by 2 (Easter and Baker, 1980; Kerr et al.,
1983) or 3 (Fuller et al., 1984) percentage units of crude protein and
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supplemented only with lysine, without reducing growth performance (daily gain 
or feed efficiency). Also, growth performance is not affected by diets which are 
reduced in crude protein by 2 percentage units and supplemented with lysine 
and tryptophan (Noblet et al., 1987) or lysine, threonine, and tryptophan 
(Tuitoek et al., 1997b). Diets reduced by 3 or 4 percentage units of crude 
protein and supplemented with lysine (Stahly et al., 1981); lysine, threonine, 
and tryptophan (Kerr et al., 1995); lysine, threonine, tryptophan, and 
methionine (Lopez et al., 1995); or lysine, threonine, tryptophan, isoleucine, 
and valine (Hahn et al., 1995) also have been reported to have no negative 
affects on growth performance. However, Yu et al. (1991) did observe reduced 
body weight gain and feed efficiency in pigs fed diets reduced in crude protein 
by 5 percentage units and supplemented with lysine, threonine, tryptophan, 
and methionine.
Body Composition
In addition, the reduction of crude protein along with the 
supplementation of crystalline amino acids in finishing pig diets generally does 
not affect the muscling traits of pigs (Easter and Baker, 1980; Kerr et al., 1983; 
Noblet et al., 1987; Chewning et al., 1995; Hahn et al., 1995; Kerr et al.. 1995; 
Lopez et al., 1995; Miller et al., 1996; Tuitoek et al., 1997a). Tuitoek et al. 
(1997a) reported that pigs fed reduced crude protein, crystalline amino acid- 
supplemented diets throughout the growing and finishing periods, had similar 
retail cut weights, chemical body composition, protein accretion rates, and
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estimated lean yields as pigs fed high crude protein diets. Chewning et al.
(1995) and Miller et al. (1996) also observed no effect of low crude protein, 
crystalline amino acid-supplemented diets on retail cut weights. Furthermore, 
Kerr et al. (1995) reported similar longissimus muscle area and percentage of 
muscle of pigs when they were fed low crude protein, crystalline amino acid- 
supplemented diets or high crude protein diets. Hence, pigs can be fed 
reduced crude protein, crystalline amino acid-supplemented diets without 
reducing muscling characteristics of the carcasses.
Unfortunately, Noblet et al. (1987), Lewis (1989), Yu et al. (1991), 
Schoenherr (1992), Chewning et al. (1995), Kerr et al. (1995), Cromwell et al.
(1996), and Tuitoek et al. (1997a) have reported that finishing pigs fed low 
crude protein, crystalline amino acid-supplemented diets are fatter than pigs 
fed diets in which all amino acids are provided by intact protein sources. Kerr 
et al. (1995) reported that finishing pigs fed diets reduced by 3 percentage 
units of crude protein and supplemented with crystalline amino acids, have 
more backfat and leaf fat than pigs fed a diet containing an intact protein 
source. In finishing pigs fed diets reduced in crude protein by 4 or 5 
percentage units, Tuitoek et al. (1997a) observed increased fat content of the 
carcasses, and Yu et al. (1991) observed increased backfat. However, Hahn et 
al. (1995) and Lopez et al. (1994) did not observe any negative effects on the 
fat content o f finishing pigs fed low crude protein, crystalline amino acid- 
supplemented diets.
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The reason for the increased fatness (when it does occur) in pigs fed 
low crude protein, crystalline amino acid-supplemented diets is not known, but 
may be due to an increase in the net energy content of these diets. Noblet et 
al. (1987) reported that the efficiency of metabolizable energy for energy gain 
(i.e., fat deposition) is increased when pigs are fed reduced crude protein, 
amino acid-supplemented diets. Thus, pigs fed these diets may have more 
energy available for fat deposition.
Possible Factors Contributing to an Increased Net Energy Content
The availability of dietary energy for fat deposition may be due to a 
combination of several factors, such as: heat production, organ weights, or 
catabolism of dietary protein. Heat production is the difference between 
metabolizable energy intake and retained energy (Lofgreen and Garrett, 1968). 
Thus, as retained energy in an animal increases, heat production should 
decrease. Both Kerr et al. (1987) and Noblet et al. (1987) observed reduced 
heat production in pigs fed low crude protein, crystalline amino acid- 
supplemented diets, as measured by indirect calorimetry, compared with pigs 
fed high crude protein diets. This would indicate that the pigs fed the low crude 
protein, crystalline amino acid-supplemented diets had increased retained 
energy, which has been reported by Noblet et al. (1987). In contrast, Lopez et 
al. (1994) reported that pigs fed diets formulated on an ideal protein basis had 
higher heat production than pigs fed diets containing intact protein sources. 
However, at a high level of lysine (1.0%) gilts fed ideal protein formulated diets
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had less carcass lipid than gilts fed high protein diets, whereas, at a lower level 
of lysine (.60%) gilts fed ideal protein formulated diets had more carcass lipid 
than those fed diets containing intact protein sources. Therefore, when pigs 
are fed low crude protein, crystalline amino acid>supplemented diets they may 
have increased heat production.
In addition, the weight of visceral organs may also influence a pig's net 
energy utilization of a diet. Weights of visceral organs are directly related to 
heat production of the animal (Ferrell, 1988), and nutrition has a major 
influence on heat production (maintenance requirements; Koong et al., 1982). 
Pigs fed a high plane of nutrition have been reported to have heavier weights 
of visceral organs than pigs fed a low plane of nutrition (Koong et al., 1982, 
1983,1985). Furthermore, because the weight of visceral organs is highly 
correlated with heat production (Koong et al., 1982,1983), animals with 
heavier organs have higher heat production than animals with lighter organs, 
and ultimately, they have less retained energy. Koong et al. (1983) also 
reported that the organs of obese pigs weighed less than the organs of lean 
pigs. Consequently, obese pigs, with similar feed and nutritional intakes as 
lean pigs, have a lower maintenance requirement (basal metabolism) due to 
their reduced organ size. These obese pigs also have more energy available 
for fat deposition. Therefore, if organ weights are similar, pigs which are fed in 
excess of their net energy requirement should have more energy available for 
fat deposition than pigs fed at their net energy requirement.
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Finally, pigs fed low crude protein, crystalline amino acid-supplemented 
diets have less excess dietary protein (amino acids) to catabolize. This is 
illustrated by the drastically reduced urea nitrogen concentrations of pigs fed 
these low crude protein diets (Lopez et al., 1994; Kerr and Easter, 1995; Ward 
and Southern, 1995; Miller et al., 1996). Additional support of this concept has 
been reported by Ward and Southern (1995), who observed reduced pancreas 
weights, as well as reduced urea nitrogen concentrations of pigs fed reduced 
crude protein, crystalline amino acid-supplemented diets.
As mentioned previously, excess amino acids must be catabolized and 
converted to compounds that can be used for energy or to compounds that can 
be excreted. Again, the amino portion of an amino acid is excreted as urea and 
the formation of urea does require energy (three ATP's per one mole of urea 
formed; Murray et al., 1993). Therefore, one possible contributing factor to 
increased net energy content of low crude protein, crystalline amino acid- 
supplemented diets is a lower energy requirement for the formation of urea, as 
well as a reduction in the weight of a visceral organ (pancreas).
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CHAPTER III
THE USE OF SERUM UREA NITROGEN CONCENTRATIONS 
FOR THE DETERMINATION OF LYSINE REQUIREMENTS
OF GILTS1
Introduction
Previously, serum urea nitrogen (as a measurement for urea) has been 
used as a response criterion for determining lysine and other amino acid 
requirements in long-term experiments. In weanling pigs, Lewis et al. (1981) 
reported that urea levels decrease with increasing lysine levels, reaching a 
plateau at the required level of lysine. In addition, Lewis et al. (1977) used 
urea nitrogen as a response criterion to determine the ratio of required 
lysineitryptophan for weanling pigs. Urea nitrogen concentrations also have 
been used as response criteria for determining lysine requirements of gestating 
(Woerman and Speer, 1976) and lactating (Lewis and Speer, 1973) swine.
The use of the urea nitrogen method, in short-term experiments, to 
determine the lysine requirement of pigs at specific body weights is gaining 
interest. The basis of the urea nitrogen method is an inverse relationship 
between the blood urea content of pigs and the utilization of the protein fed to 
pigs (Eggum, 1970). Pigs fed a diet with a lysine content above or below their 
requirement should have a higher urea nitrogen concentration than pigs fed a 
diet with a lysine content at their requirement (Coma et al., 1995a).
‘Reprinted by permission of The Professional Animal Scientist
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Recently, Coma et al. (1994,1995a) evaluated the use of urea nitrogen 
as a response criterion for estimating the lysine requirement of pigs in short' 
term experiments. Coma et al. (1995a) reported that plasma urea nitrogen 
concentrations decreased quadratically with increasing dietary lysine in short' 
term studies (4 or 5 d). In addition, a nitrogen balance study verified the 
estimated lysine requirement determined in the short-term study. Therefore, 
they concluded that the urea nitrogen method could be used to determine the 
level of dietary lysine that is needed to maximize nitrogen utilization at a 
specific body weight (Coma et al., 1995a).
The purpose of the experiments reported here was to use the serum 




Five experiments were conducted to determine the lysine requirement of 
20, 35, 50, and 80 kg gilts from the Louisiana State University Agricultural 
Center Swine Unit. Gilts of the same population as those used in these 
experiments, contained 50% lean as determined by total body electrical 
conductivity and 52% muscle as calculated by NPPC (1991) equations. All 
experiments were randomized complete block designs. Gilts were allotted to 
treatments on the basis of BW with ancestry equalized across treatments.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
22
Treatment Diets
Gilts were fed com-soybean meal diets prior to experiment initiation. 
Twenty (Exp. 1) and 35 (Exp. 2) kg gilts were fed diets formulated to contain 
.90% total lysine. Whereas, 50 (Exp. 3 and 4) and 80 (Exp. 5) kg gilts were fed 
diets formulated to contain .72% total lysine. These diets were being fed at the 
time the initial blood sample was collected.
Treatment diets for each experiment were formulated in a similar 
manner; thus, only the diets for Exp. 1 (Table 3.1) are shown. Gilts were 
allowed ad libitum access to treatment diets. For each experiment, all 
treatment diets contained the concentration of com and soybean meal for the 
lowest level of lysine. Lysine level was increased in treatment diets by the 
addition of L-lysine*HCI. Additionally, L-glutamic acid levels decreased, as 
lysine level increased, to maintain equal N levels across all treatment diets in 
an experiment. Within an experiment, all diets were isonitrogenous, equal in 
electrolyte balance (meq of Na + K - Cl), and met or exceeded the ideal ratio 
(Baker, 1994) for all indispensable amino acids as determined for the highest 
level of lysine fed. Diets were formulated on the basis of NRC (1988) values 
for com and soybean meal. Treatment diets were subsequently analyzed for 
amino acids; therefore, reference to lysine levels will be based on actual 
values.
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Table 3.1. Percentage composition of the treatment diets, as-fed basis (Exp. 1)
Treatment diet (lysine content)"
Ingredients .65 .80 .95 1.10 1.25
Com 76.48
%
76.48 76.48 76.48 76.48
Soybean meal, 44% CP 17.55 17.55 17.55 17.55 17.55
Limestone 1.10 1.10 1.10 1.10 1.10
Monocalcium phosphate 1.29 1.29 1.29 1.29 1.29
Vitamin premix6 .25 .25 .25 .25 .25
Trace mineral premix* .10 .10 .10 .10 .10
Salt .25 .20 .14 .08 .02
Com starch .49 .59 .68 .76 .87
Sodium bicarbonate .07 .15 .24 .33
L-Lysine*HCI .19 .38 .57 .76
L-Threonine .30 .30 .30 .30 .30
DL-Methionine .30 .30 .30 .30 .30
L-Tryptophan .07 .07 .07 .07 .07
L-lsoleucine .16 .16 .16 .16 .16
L-Valine .16 .16 .16 .16 .16
L-Histidine .01 .01 .01 .01 .01
L-Glutamic acid 1.49 1.18 .88 .58 .25
Calculated*1 diet composition 
Lysine(analyzed) .65 .80 .95 1.10 1.25
Lysine(calculated) .70 .85 1.00 1.15 1.30
Methionine + cystine .81 .81 .81 .81 .81
Threonine .87 .87 .87 .87 .87
Tryptophan .23 .23 .23 .23 .23
Leucine 1.50 1.50 1.50 1.50 1.50
Phenylalanine + 
tyrosine 1.27 1.27 1.27 1.27 1.27
Isoleucine .78 .78 .78 .78 .78
Valine .88 .88 .88 .88 .88
Histidine .42 .42 .42 .42 .42
Arginine .89 .89 .89 .89 .89
Nitrogen 2.53 2.53 2.53 2.53 2.53
Sodium .11 .11 .11 .11 .11
Potassium .62 .62 .62 .62 .62
Chloride .20 .20 .20 .20 .20
Calcium .70 .70 .70 .70 .70
Phosphorus .60 .60 .60 .60 .60
(table con’d.)
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‘Treatment diets for Exp. 2, 3,4, and 5 were formulated in a similar manner as 
treatment diets for Exp. 1 and, therefore, are not shown. The lysine levels fed 
in Exp. 2 were: .57, .72, .87,1.02, and 1.17%. The lysine levels fed in Exp. 3 
were: .56, .66, .76, .86, and .96%. In Exp. 4, the lysine levels fed were: .58, 
.73, .88,1.03, and 1.18%. In Exp. 5, the lysine levels fed were: .33, .53, .73, 
.93, and 1.13%.
Vitamin premix provided the following per kilogram of d iet vitamin A, 4,400 
IU; cholecalciferol, 440IU; vitamin E, 11 IU; riboflavin, 4.4 mg; d-pantothenic 
acid, 22 mg; niacin, 22.9 mg; vitamin B12, 22 g; and choline chloride, 440 mg. 
Trace mineral premix provided the following per kilogram of diet: zinc, 75 mg; 
iron, 87.5 mg; manganese, 30 mg; copper, 8.75 mg; iodine, 1 mg; calcium, 9 
mg.
dBased on NRC (15) values for com and soybean meal.
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Experiments 1 and 2
Seventy-five crossbred gilts were utilized to determine the lysine 
requirement in each experiment Gilts had initial BW of 17.7 kg in Exp. 1 and 
34.2 kg in Exp. 2. Gilts were allotted within experiment to five treatments 
(lysine levels) with three replicates of five gilts per replicate. The lysine levels 
fed (Table 3.1) varied from .65% to 1.25% in increments of .15% in Exp. 1, and 
from .57% to 1.17% in increments of .15% in Exp. 2.
Experiments 3. 4. and 5
Eighty gilts were utilized to determine the lysine requirement in each 
experiment. Gilts had initial BW of 48.5 kg in Exp. 3, 53.1 kg in Exp. 4, and 
77.4 kg in Exp. 5. Gilts were allotted within experiment to five treatments with 
four replicates of four gilts per replicate. The five lysine levels fed varied from 
.56% to .96% in increments of .10% in Exp. 3, from .58% to 1.18% in 
increments of .15% in Exp. 4, and from .33% to 1.13% in increments of .20% in 
Exp. 5.
Blood Sampling
An initial blood sample was collected in all experiments for serum urea N 
(SUN) determination. Serum urea N concentrations from these samples were 
used as covariates (Coma et al., 1995a) for samples taken from each gilt at the 
end of the feeding trial. All gilts were fed treatment diets for a minimum of 6 d 
before final blood samples were collected, to allow their SUN concentrations to 
equilibrate to treatment diets. Gilts were not held without feed before bleeding
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(Cai et al., 1994). One blood sample was collected for final SUN determination 
from gilts in Exp. 1 and 2. In Exp. 3,4, and 5, two blood samples were 
collected at the end of the feeding trial. The two blood samples were analyzed 
and SUN concentrations were averaged together to obtain a final SUN 
concentration.
Serum Urea Nitrogen
Blood was collected via the anterior vena cava. Serum was collected 
after centrifugation (1,600 x g) of the blood at 4° C for 20 min. Serum urea N 
concentrations were determined by a method described by Chaney and 
Marbach (1962).
Statistical Analyses
Data from each experiment were analyzed by analysis of variance 
procedures (Steel and Torrie, 1980). Lysine effects were evaluated by linear, 
quadratic, cubic, and quartic contrasts. The individual initial SUN was used as 
a covariate for the final SUN for each gilt. Treatment x replication was the error 
term used to test the effect of lysine level. In addition, one-slope, broken-line 
regression models (Robbins, 1986) were used to estimate lysine requirements. 
These lysine requirements were estimated from the response curves of the 
least squares means of the final SUN concentrations (including covariates) for 
each experiment. Standard errors of lysine requirement estimates were 
obtained from the broken-line regression analysis.
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Results and Discussion
There was a lysine quadratic effect for final SUN concentration for gilts 
in Exp. 1 (P<.01), Exp. 4 (P<.04), and Exp. 5 (P<.01) (Table 3.2). In Exp. 2 and 
3, as the level of lysine in the diet increased, there was a decrease in final SUN 
concentration (linear, P<.01). Although the lysine quadratic effect was not 
significant (P>.10) in Exp. 2 and 3, one-slope broken line regression models 
were successfully fitted to the data, thus providing lysine requirement 
estimates.
Lysine requirement estimates obtained from the one-slope, broken-line 
regression model were 1.13,1.11, .80, .77, and .64% lysine for Exp. 1, 2, 3, 4, 
and 5, respectively (Table 3.3).
General
in general, lysine requirements determined by the SUN method 
decreased as BW increased. These results were expected because lysine 
requirements, as a percentage of the diet, decrease with age (or BW) (Pond et 
al., 1995). Thus, the results of these experiments are in agreement with Coma 
et al. (1995a) and they confirm that the SUN method can be used to obtain 
lysine requirement estimates for pigs.
Lysine requirement estimates obtained by the urea N method should 
reflect lysine requirements for maximum protein accretion (Coma et al., 1995a). 
Because more lysine is required for maximum protein accretion than for 
maximum BW gain (NRC, 1988), the lysine requirement obtained based on BW
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Table 3.2. Serum urea nitrogen (SUN, mmol/L) concentrations of 20, 35, 50, 
and 80 kilogram gilts fed different levels of lysine**___________________
Exp. 1
Treatment diet (lysine content)
.65 .80 .95 1.10 1.25 SEM
SUNI 8.086 8.962 7.888 8.907 8.208 .375
SUNFC 10.102 6.687 4.468 2.928 2.068 .279
Exp. 2 .57 .72 .87 1.02 1.17 SEM
SUNI 7.869 8.005 7.392 7.993 8.134 .321
SUNFd 8.980 7.021 6.521 4.884 4.208 .877
Exp. 3 .56 .66 .76 .86 .96 SEM
SUNI 8.400 8.562 8.914 9.638 8.629 .427
SUNFd 8.504 7.421 6.053 6.113 5.211 .361
Exp. 4 .58 .73 .88 1.03 1.18 SEM
SUNIC 7.733 6.533 6.728 7.166 7.820 .266
SUNF* 8.106 6.319 5.752 6.065 5.721 .416
Exp. 5 .33 .53 .73 .93 1.13 SEM
SUNI 7.843 8.309 7.815 8.593 8.622 .317
SUNFC 8.460 5.838 4.364 4.364 4.510 .322
'Data are means of 15 (Exp. 1 and 2) or 16 (Exp. 3,4, and 5) gilts per 
treatment. Initial BW = 17.7, 34.2, 48.5, 53.1, and 77.4 kg for Exp. 1, 2, 3, 4, 
and 5, respectively.
bKey: SUNI=initial SUN; SUNF=final SUN. 
cLysine quadratic effect (P<.01). 
dLysine linear effect (P<.01).
•Lysine quadratic effect (P<.04).





■ ■ ■ ■ ----g—
Fitted one-slope modelb R2
kg %
1 17.7 1.13 .0569 Y=2.07+15.83(1.13-Xlr) .98"
2 34.2 1.11 .0725 Y M ^ i+ a s s o .n -x ^ ) .97"
3 48.5 .80 .0495 Y=5.66+12.26(.80-Xlr ) .94"
4 53.1 .77 .0425 Y=5.85+11.91(.77-Xlr ) .98"
5 77.4 .64 .0115 Y=4.41 +13.11 (.64-X, o) .99"
"Lysine requirement estimates were obtained from one-slope, broken-line 
regression models and are expressed as a percentage of the diet. 
bY=L+U(R-XLR) where L=the ordinate of the breakpoint in the curve; R=the 
abscissa of the breakpoint in the curve (the requirement estimate); X ^ a  value 
of X less than R; U=the slope of the line for X less than R.
"Significant (P<.10).
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gain should be lower than the lysine requirement obtained based on urea N. 
Coma et al. (1995a,b) reported higher lysine requirements based on urea N 
than those based on BW gain. However, Chen et al. (1995), Hahn et al.
(1995), Lewis and Speer (1973), Lewis et al. (1981), Woerman and Speer 
(1976), and Braude et al. (1974) reported similar lysine requirements obtained 
by urea N compared with growth performance (daily gain or feed efficiency) 
and carcass traits. This discrepancy, possibly, may be due to the stage of 
growth or physiological state of the pig. Coma et al. (1995a) utilized growing 
(25 to 30 kg) pigs, whereas, Chen et al. (1995) and Hahn et al. (1995) utilized 
finishing (50 to 110 kg) pigs, and Lewis and Speer (1973) and Woerman and 
Speer (1976) utilized lactating and reproducing swine. Furthermore, Coma et 
al. (1995a) reported that lysine requirements obtained by the urea N method 
were similar to lysine required to maximize N retention in pigs. Consequently, 
the lysine requirement obtained by the urea N method should be similar to the 
lysine requirement for maximum growth and protein accretion.
While lysine requirement estimates were obtained from research 
reported herein, lysine requirement estimates were not obtained from all 
attempts. For example, we conducted an experiment utilizing 80 kg gilts in 
which final SUN did not respond significantly to the levels of lysine used and a 
lysine requirement estimate was not obtained. Therefore, the level of lysine 
fed and the increments of increasing lysine levels are important considerations 
when conducting lysine requirement experiments using the SUN method.
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Implications
Lysine requirement estimates of pigs, at specific body weights and in a 
short period of time, can be obtained by the SUN method, which is based on 
the efficiency of protein utilization.
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CHAPTER IV
THE USE OF SERUM UREA NITROGEN CONCENTRATIONS 
FOR THE DETERMINATION OF LYSINE REQUIREMENTS
OF BARROWS
Introduction
Gilts have higher lysine (protein) requirements than barrows (Baker et 
al., 1967; Watkins et al., 1977; Cromwell et al., 1990,1993; Coma et al.,
1995a; Hahn et al., 1995). Therefore, to avoid feeding deficient or excess 
protein, split-sex feeding is common. To maximize efficiency of split-sex 
feeding, the lysine requirement of the barrows and gilts must be known.
A quick and accurate method of determining the lysine requirement of 
pigs would be an asset. Because there is an inverse relationship between the 
blood urea content and the utilization of dietary protein (Eggum, 1970; Coma et 
al., 1995b), the use of urea nitrogen (as a measurement of urea) is one 
possibility. Urea nitrogen has been used in long-term experiments to 
determine the lysine, as well as other amino acid, requirements of weanling 
(Lewis et al., 1977,1981), gestating (Woerman and Speer, 1976), and lactating 
(Lewis and Speer, 1973) pigs.
More recently, urea nitrogen has been used and validated in short-term 
(4 to 6 d) experiments to determine the lysine requirement of pigs at a specific 
BW (Coma et al., 1994,1995a; Knowles et al., 1997). Coma et al. (1995a) 
obtained similar lysine requirement estimates by the urea nitrogen method and 
by the nitrogen balance method. Also, Knowles et al. (1997) reported that the
32
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urea nitrogen method could be used within a 6 d experimental period to 
determine the lysine requirement of gilts at various BW. Therefore, the urea 
nitrogen method could be an effective method of determining the lysine 
requirement of barrows and gilts.
The purpose of the experiments reported here was to use the serum 




Seven experiments were conducted to determine the lysine requirement 
of 20, 35, 50, and 80 kg barrows from the Louisiana State University 
Agricultural Center Swine Unit. Barrows from the same herd as those used in 
these experiments contained 44% lean as determined by total body electrical 
conductivity (Higbie, 1997) and 49% muscle as calculated by NPPC (1991) 
equations. All experiments were randomized complete block designs and the 
number of replicates and pigs per replicate are provided in Table 4.1. Barrows 
were allotted to treatments on the basis of BW with ancestry equalized across 
treatments.
Treatment Diets
Barrows were fed com-soybean meal diets before experiment initiation. 
Twenty (Exp. 1) and 35 (Exp. 2 and 3) kg barrows were fed diets formulated to 
contain .90% total lysine; whereas, 50 (Exp. 4 and 5) and 80 (Exp. 6 and 7) kg
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1 60 3 4 17.2 .65-1.25 .15
2 60 3 4 35.2 .57-1.17 .15
3 60 3 4 37.0 .52-1.12 .15
4 50 3 3 or 4 49.8 .54-1.14 .15
5 60 3 4 52.1 .53-1.13 .15
6 70 3 4 or 5 79.8 .36-1.16 .20
7 60 3 4 81.1 .35-1.15 .20
"All experiments were randomized complete block designs. Five levels of 
lysine were fed in each experiment
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barrows were fed diets formulated to contain .72% total lysine. These diets 
were being fed at the time an initial blood sample was collected.
Treatment diets for each experiment were formulated in a similar manner 
(Tables 4.2 and 4.3; Knowles et al., 1997). Barrows were allowed ad libitum 
access to the diets. For each experiment, all treatment diets contained the 
concentration of com and soybean meal for the lowest level of lysine. Lysine 
level was increased in treatment diets by the addition of L-lysine*HCI (Table 
4.3). As the lysine level increased, L-glutamic acid levels decreased to 
maintain equal N levels across all treatment diets within an experiment. Also 
within experiments, all diets were isonitrogenous, equal in electrolyte balance 
(meq of Na + K - Cl), and met or exceeded the ideal ratio (Baker, 1994) for all 
indispensable amino acids as determined for the highest level of lysine fed. 
Diets were formulated on the basis of NRC (1988) values for com and soybean 
meal. Basal diets were subsequently analyzed for amino acids, and actual 
values were used in regression analyses.
Blood Sampling
An initial blood sample was collected in all experiments for serum urea N 
(SUN) determination. Serum urea N concentrations from these samples were 
used as covariates (Coma et al., 1995a) for samples taken from each barrow at 
the end of the feeding trial. All barrows were fed treatment diets for a minimum 
of 6 d before final blood samples were collected to allow their SUN 
concentrations to equilibrate to treatment diets. Barrows were allowed
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Table 4.2. Percentage composition of the basal diets, as-fed basis_______
____________________ Exp._______________________
1 2 3 4 5 6 7
____________Basal diet (analyzed lysine content, %)______
Ingredients_________ .65 .57 .52 .54 .53 .36 .35
%
Com 76.48 80.77 81.31 80.77 81.87 87.07 87.35
Soybean meal* 17.55 13.73 12.72 13.73 12.68 6.29 5.82
Limestone 1.10 1.04 1.05 1.04 1.05 .97 1.03
Monocalcium
phosphate 1.29 .88 .91 .88 .90 1.03 1.04
Vitamin premix6,6 .25 .25 .38 .25 0.38 0.25 0.38
Mineral premix6 .10 .10 .10 .10 0.10 0.10 0.10
Se premix* .05 0.05 0.05
Salt .25 .25 .50 .25 0.50 0.25 0.50
Calcium chloride 0.08
Com starch .49 .50 .67 .50 0.10 0.32 0.22
L-Threonine .30 .28 .28 .32 0.31 0.43 0.42
DL-Methionine .30 .26 .24 .30 0.28 0.36 0.35
L-Tryptophan .07 .08 .07 .08 0.08 0.13 0.13
L-lsoleucine .16 .16 .17 .16 0.16 0.29 0.29
L-Valine .16 .15 .11 .15 0.11 0.27 0.25
L-Histidine .01 .01 .01 .01 0.01 0.08 0.08
L-Phenylalanine 0.18 0.17
L-Glutamic acid 1.49 1.46 1.45 1.46 1.42 1.90 1.82
Calculated' diet composition
Lysine(analyzed) .65 .57 .52 .54 .53 .36 .35
Lysine(calculated) .70 .60 .60 .60 .60 .40 .40
Met + cys .81 .74 .74 .78 .78 .78 .78
Threonine .87 .80 .80 .84 .84 .84 .84
Tryptophan .23 .22 .22 .23 .23 .23 .23
Leucine 1.50 1.42 1.43 1.42 1.43 1.25 1.25
Phe + tyr 1.27 1.17 1.20 1.17 1.20 1.14 1.14
Isoleucine .78 .72 .72 .72 .72 .72 .72
Valine .88 .82 .82 .82 .82 .82 .82
Histidine .42 .38 .38 .38 .38 .38 .38
Arginine .89 .79 .82 .79 .82 .58 .59
Nitrogen 2.53 2.32 2.33 2.32 2.34 2.01 2.01
Sodium .11 .11 .21 .11 .21 .11 .21
Potassium .62 .56 .54 .56 .54 .42 .41
Chloride .20 .20 .35 .20 .35 .24 .35 
(table con'd.)
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Calcium .70 .60 .60 .60 .60 .60 .60
Phosphorus__________.60 .50 .50 .50 .50 .50 .50
•In Exp. 1,2, 4, and 6,44% CP soybean meal was used; and 48% CP soybean 
meal was used in Exp. 3,5, and 7.
'Vitamin premix (Exp. 1,2,4, and 6) provided the following per kilogram of diet: 
vitamin A, 4,409 IU; vitamin D3, 441 IU; vitamin E, 11 IU; vitamin B12, 22 pg; 
riboflavin, 4.4 mg; niacin, 22 mg; d-Ca-pantothenic acid, 22 mg; choline (as 
choline chloride), 441 mg; menadione (as menadione dimethylpyrimidol 
bisulfite), .25 mg; d-biotin, .22 mg; and selenium, .1 mg.
Vitamin premix (Exp. 3, 5, and 7) provided the following per kilogram of diet: 
vitamin A, 8,267 IU; vitamin D3, 2,480 IU; vitamin E, 66 IU; vitamin B12, .05 mg; 
riboflavin, 10 mg; niacin, 66 mg; d-Ca-pantothenic acid, 37 mg; choline (as 
choline chloride), 661 mg; menadione (as menadione dimethylpyrimidol 
bisulfite), 6.2 mg; folic acid, 2.48 mg; biotin, .33 mg; thiamine, 3.31 mg; 
pyridoxine, 3.31 mg; and ascorbic acid, .08 mg.
dMineral premix provided the following per kilogram of diet: manganese (as 
manganese sulfate), 44 mg; zinc (as zinc sulfate), 132 mg; iron (as ferrous 
sulfate), 88 mg; copper (as copper sulfate), 17.6 mg; and iodine (as 
ethylenediamine dihydroiodide), .44 mg.
•Provided .3 mg per kilogram of diet.
'Based on NRC (21) values for com and soybean meal.
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.59 .07 .19 1.18
.95 .14 .68 .15 .38 .88
1.10 .08 .76 .24 .57 .58
1.25 .02 .87 .33 .76 .25
2 .72 .19 .68 .07 .19 1.16
.87 .13 .77 .16 .38 .85
1.02 .07 .85 .25 .57 .55
1.17 .01 .94 .33 .76 .25
3 .67 .44 .72 .10 .19 1.15
.82 .38 .81 .18 .38 .85
.97 .32 .90 .27 .57 .54
1.12 .26 .97 .36 .76 .25
4 .69 .19 .60 .07 .19 1.16
.84 .13 .69 .16 .38 .85
.99 .07 .77 .25 .57 .55
1.14 .01 .86 .33 .76 .25
5 .68 .44 .17 .10 .19 1.12
.83 .38 .26 .18 .38 .82
.98 .32 .34 .27 .57 .52
1.13 .26 .39 .36 .76 .25
6 .56 .24 .42 .02 .25 1.50
.76 .16 .53 .13 .51 1.10
.96 .08 .64 .25 .76 .70
1.16 - .80 .36 1.02 .25
7 .55 .42 .33 .13 .25 1.41
.75 .34 .44 .24 .51 1.01
.95 .26 .55 .36 .76 .61
1.15 .18 .62 .47 1.02 .25
‘Except for salt, com starch, sodium bicarbonate, L-lysine*HCI, and L-glutamic 
acid levels, the treatment diets were identical to the basal diets. Treatment 
diets contained 97.77, 97.71, 97.4, 97.79, 97.98,97.45, and 97.46% basal in 
Exp. 1, 2, 3, 4, 5,6, and 7, respectively.
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unrestricted access to feed before bleeding (Cai et al., 1994). One blood 
sample was collected for final SUN determination from each barrow within each 
experiment.
Serum Urea Nitrogen
Blood was collected via the antehor vena cava. Serum was collected 
after centrifugation (1,600 x g) of the blood at 4° C for 20 min. Serum urea N 
concentrations were determined by a method described by Chaney and 
Marbach (1962).
Statistical Analyses
Data from each experiment were analyzed by analysis of variance 
procedures (Steel and Torrie, 1980). Lysine effects were evaluated by linear 
and quadratic contrasts. The individual initial SUN was used as a covariate for 
the final SUN for each barrow. Treatment x replication was the error term used 
to test the effect of lysine level. In addition, broken-line regression models 
(Robbins, 1986) were fitted to SUN data for each experiment to estimate lysine 
requirements. The two-slope model best described data from Exp. 5; the one- 
slope model adequately described data from all other experiments. These 
lysine requirements were estimated from the response curves of the least 
squares means of the final SUN concentrations (including covariates) for each 
experiment. Standard errors of lysine requirement estimates were obtained 
from the broken-line regression analysis.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
40
Results and Discussion
There were lysine linear (P<.01) and quadratic (P<.02) effects observed 
for final SUN concentration for barrows in Exp. 1 ,2,3, and 7 (Table 4.4). 
Although significant lysine effects were not detected in Exp. 4, 5, and 6 
(P>. 10), broken-line regression models were successfully fitted to the data, 
thus providing lysine requirement estimates.
Broken-line regression models estimated lysine requirements of 1.04% 
for 20 kg barrows; .75 and .73% for the two experiments with 35 kg barrows;
.79 and .81 % for the two experiments with 50 kg barrows; and .76 and .83% for 
the two experiments with 80 kg barrows (Table 4.5).
In general, lysine requirements determined by the SUN method 
decreased as BW increased from 20 to 35 kg. Lysine requirements then 
remained similar as BW increased from 35 to 80 kg. These results were not 
expected as lysine requirements, as a percentage of the diet, are expected to 
decrease with increasing age (or BW; Pond et al., 1995). Knowles et al. (1997) 
reported that the lysine requirement of gilts from the same herd as the barrows 
used in these experiments, decreased as BW increased (Figure 4.1). Thus, as 
B W increased, the lysine requirement for barrows decreased more rapidly than 
the lysine requirement for gilts, but then the requirement for barrows remained 
similar until 80 kg of BW.
At similar BW, gilts have been reported to have higher lysine (protein) 
requirements than barrows (Baker et al., 1967; Watkins et al., 1977; Cromwell
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Table 4.4. Serum urea nitrogen (SUN, mmol/L) concentrations of 20, 35, 50, 
and 80 kilogram barrows fed different levels of lysine"*________________
Treatment diet (lysine content)
Exp. 1 .65 .80 .95 1.10 1.25 SEM
SUNI 9.341 8.517 9.005 9.135 8.500 .398
SUNFC 9.885 7.235 4.568 3.188 2.834 .285
Exp. 2 .57 .72 .87 1.02 1.17 SEM
SUNI 7.486 8.359 8.695 7.192 8.422 .618
SUNFC 9.588 6.290 5.768 5.625 5.598 .452
Exp. 3 .52 .67 .82 .97 1.12 SEM
SUNI 8.509 7.612 7.530 7.524 7.655 .439
SUNFe 8.588 6.012 5.199 4.947 4.947 .394
Exp. 4 .54 .69 .84 .99 1.14 SEM
SUNI 10.431 10.512 10.233 10.725 11.173 .629
SUNF 8.046 7.326 7.433 6.398 6.731 .657
Exp. 5 .53 .68 .83 .98 1.13 SEM
SUNI 8.683 8.884 7.530 8.493 9.495 .763
SUNF 7.631 6.779 6.022 6.696 6.956 .571
Exp. 6 .36 .56 .76 .96 1.16 SEM
SUNI 10.304 10.155 9.796 9.230 9.445 .519
SUNF 9.275 8.527 7.416 7.644 7.485 .307
Exp. 7 .35 .55 .75 .95 1.15 SEM
SUNI 7.341 7.240 6.630 7.349 6.292 .386
SUNFC 7.713 6.125 5.635 4.700 5.359 .346
•Data are means of 10 (Exp. 4), 12 (Exp. 1,2, 3, 5, and 7), or 14 (Exp. 6) 
barrows per treatment. Initial BW = 17.2, 35.2, 37.0,49.8, 52.1, 79.8, and 81.1 
kg for Exp. 1,2, 3,4, 5,6, and 7, respectively. 
bSUNI=initial SUN; SUNF=final SUN.
'Lysine linear (P<.01) and quadratic (P<.02) effects.
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requirement* SE Fitted one-slope modelb R2
kg %
1 17.2 1.04 0.014 Y=3.01+17.72(1.04-Xu,) 0.99e
2 35.2 0.75 0.005 Y=5.66+21.99(0.75-Xlr ) 0.99*
3 37.0 0.73 0.013 YsS.OS+I^^OTS-Xy*) 0.99*
4 49.8 0.79 0.200 Y=6.85+4.80(0.79-Xlr ) 0.66
5 52.1 0.81 0.178 Y=6.03+5.68(0.81-Xlr ) 0.98°
+3.11(Xgr-0.81)
6 79.8 0.76 0.037 Y=7.51+4.64(0.76-Xlr ) 0.98c
7 81.1 0.83 0.118 Y=5.02+5.19(0.83-Xi •») 0.92e
‘Lysine requirement estimates were obtained from one-slope or two-slope (Exp. 
5), broken-line regression models and are expressed as a percentage of the 
diet.
bY=L+U(R-XtR) or Y=L+U(R-XtR)+V(XGR-R) where L=the ordinate of the 
breakpoint in the curve; R=the abscissa of the breakpoint in the curve (the 
requirement estimate); X±r=s value of X less than R; U=the slope of the line for 
X less than R; V=the slope of the line for X greater than R; XcR=a value of X 
greater than R.
‘Significant (P<.10).




























Figure 4.1. Lysine requirement estimates of 20,35,50, and 80 kilogram barrows and gilts. Gilt data is from 
Knowles et al. (1997).
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et al., 1990,1993; Coma et al., 1995a; Hahn et al., 1995). These differences in 
lysine requirements are due to variations in growth rate, feed intake, and rate 
of lean accretion of barrows and gilts. Thus, because gilts have a lower growth 
rate and feed intake, as well as a greater rate of lean accretion, they require 
more lysine (as a percentage of the diet) than barrows (Hale and Southwell, 
1967; Cromwell et al., 1993; Hahn et al., 1995). However, for the research 
reported herein, the lysine requirement of gilts (Knowles et al., 1997) was not 
greater than the lysine requirement of barrows at 50 and 80 kg of BW.
The lysine requirement obtained by the urea N method should be similar 
to the lysine requirement for maximum growth and protein accretion. Chen et 
al. (1995), Hahn et al. (1995), Lewis and Speer (1973), Lewis et al. (1981), 
Woerman and Speer (1976), and Braude et al. (1974) reported similar lysine 
requirements obtained by urea N compared with growth performance (daily 
gain or feed efficiency) and carcass traits. Furthermore, Coma et al. (1995a) 
reported that lysine requirements obtained by the urea N method were similar 
to lysine required to maximize N retention in pigs.
When conducting lysine requirement experiments using the SUN 
method, the level of lysine fed and the increments of increasing lysine levels 
are important considerations. In order to ensure that a response will be 
detected, it is necessary to feed a range of lysine levels both above and below 
the pig's requirement, as well as increments large enough to detect differences.
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Implications
Lysine requirement estimates of pigs at specific body weights and in a 
short period of time can be obtained by the SUN method. Furthermore, the 
lysine requirement of barrows may not decrease linearly from 35 to 80 
kilograms of body weight.
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RATIO OF TOTAL SULFUR AMINO ACIDS TO LYSINE 
FOR FINISHING PIGS
Introduction
An ideal amino acid pattern has been developed for young pigs (Wang 
and Fuller, 1989; Chung and Baker, 1992; Baker et al., 1993). However, 
limited research has been conducted in finishing pigs to determine an ideal 
amino acid ratio. A projection of the ideal amino acid ratio has been made by 
Baker (1994). This projected ideal amino acid ratio is based on the pattern for 
10 kg pigs with increases in the ratios of threonine, tryptophan, and total sulfur 
amino acids (TSAA) to lysine. The amino acid ratios are increased due to the 
increased maintenance requirement of these amino acids for finishing pigs 
(Hahn, 1994; Hahn and Baker, 1995).
The proposed ideal amino acid pattern for finishing pigs may not be 
correct for pigs fed practical com-soybean meal or sorghum-soybean meal 
diets. For example, sorghum-soybean meal and com-soybean meal diets 
(depending on the level of lysine and on the use of crystalline L-lysine*HCI) 
calculate to be first or second limiting in TSAA when the proposed ideal amino 
acid ratio is used. However, research indicates that lysine and threonine are 
the first and second limiting amino acids in sorghum-soybean meal diets, 
respectively (Cervantes-Ramirez et al., 1991; Hansen et al., 1993; Page et al., 
1993; Brudevold and Southern, 1994). In addition, tryptophan has been
46
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reported to be second limiting or equally limiting with threonine in com-soybean 
meal diets (Russell et al., 1983,1986,1987). Consequently, the proposed 
ideal amino acid ratio for finishing pigs may require additional refinement. 
Therefore, the research reported herein was conducted to determine the 
optimum ratio of TSAA to lysine for finishing pigs.
Materials and Methods
General
Two experiments were conducted to determine the optimum ratio of 
TSAA to lysine for late finishing pigs. Crossbred pigs from the Louisiana State 
University Agricultural Center Swine Unit were used in each experiment. They 
were housed in a curtain-sided building in 2.9- x 1.5 -m pens with concrete 
slats the entire length of the pen. Feed and water were provided on an ad 
libitum basis throughout the experiments. Growth performance was evaluated 
by ADG, ADFI, and gaimfeed (GF).
Before the initiation of these experiments, the lysine requirement of gilts 
from the same herd was determined by the serum urea N method (Coma et al.,
1995a). The lysine requirement of 80 kg gilts was estimated to be .64% 
(Knowles et al., 1997). However, at the time Exp. 1 was conducted, we did not 
have a lysine requirement estimate for 80 kg barrows. Lysine requirement 
estimates for lighter barrows were approximately .1 percentage units less than 
lysine requirement estimates for gilts; therefore, barrows were fed diets 
formulated to contain .1% less lysine than the gilt diets.
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Experiment 1
Fifty barrows and 50 gilts were allotted to treatments on the basis of BW 
with ancestry equalized across treatments. Pigs had initial and final BW of 77 
and 111 kg. They were allotted to treatments (ratios of TSAArLys) with three 
replicates of three (replicates 1 and 2) or four (replicate 3) pigs per replicate in 
a randomized complete block (RCB) design with a split-plot arrangement of 
treatments. Gender was the whole-plot and TSAArLys ratio was the sub-plot. 
The experimental period was 24 (replicate 3) or 47 (replicates 1 and 2) d.
Gilts and barrows were fed diets formulated to contain .65% and .55% 
lysine, respectively. The ratios of TSAArLys fed were: .50, .55, .60, .65, and 
.70. Treatment diets (Table 5.1) contained the concentration of com and 
soybean meal necessary to obtain the TSAA level for the ratio of .50 TSAArLys. 
Within lysine level, diets were isonitrogenous, equal in electrolyte balance 
(meq of Na + K - Cl), and met or exceeded an ideal amino acid ratio (Baker, 
1994) for all other indispensable amino acids. Total sulfur amino acid level 
was increased in treatment diets by the addition of DL-methionine, and L- 
glutamic acid levels were decreased to maintain equal nitrogen levels across 
treatment diets.
Experiment 2
Sixty gilts were allotted to treatments on the basis of BW with ancestry 
equalized across treatments. Gilts had initial and final BW of 74 and 110 kg, 
respectively. Pigs were allotted to five treatments (ratios of TSAArLys) with
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Table 5.1. Percentage composition of experimental basal diets, as-fed basis*
Exp. 1 (barrows) Exp. 1 (gilts)_______Exp. 2
TSAA:Lys
Ingredient .50 .50 .35
Com 47.30 49.25 55.50
Soybean meal 6.31 9.29 -
Limestone .85 .88 .86
Monocalcium phosphate 1.56 1.44 1.64
Vitamin premixb .38 .38 .38
Mineral premix6 .10 .10 .10
Se premixd .05 .05 .05
Salt .50 .50 .50
Sodium bicarbonate .50 .50 .50
Com starch 40.70 35.66 35.79
L-Lysine»HCI .31 .33 .64
L-Threonine .15 .17 .29
DL-Methionine* - - -
L-Tryptophan .05 .05 .10
L-lsoleucine .07 .07 .24
L-Valine .05 .04 .23
L-Histidine - - .08
L-Phenylalanine - - .30
L-Leucine - - .08
L-Glutamic acid* 1.12 1.29 2.72
Calculated diet compositiori*
Nitrogen 1.24 1.50 1.26
Lysine .55 .65 .65
Met + cys .28 .33 .23
Threonine .39 .46 .46
Tryptophan .11 .13 .13
Leucine .67 .79 .65
Phe + tyr .55 .67 .62
Isoleucine .33 .39 .39
Valine .38 .44 .44
Histidine .18 .22 .21
Arginine .39 .49 .24
Sodium .34 .34 .34
Potassium .27 .33 .17
Chloride .23 .24 .45
IDAA:DAA* .83 .83 .83
(table con’d.)
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‘ Diet formulation and calculated diet composition were based on actual amino 
acid analyses of com (Exp. 1 and 2) and soybean meal (Exp. 1).
‘Vitamin premix provided the following per kilogram of diet: vitamin A, 8,267 
III; vitamin D3, 2,480 IU; vitamin E, 66 III; vitamin B12, .05 mg; riboflavin, 10 mg; 
niacin, 66 mg; d-Ca-pantothenic acid, 37 mg; choline (as choline chloride), 661 
mg; menadione (as menadione dimethylpyrimidol bisulfite complex), 6.2 mg; 
folic acid, 2.48 mg; d-biotin, .33 mg; thiamine, 3.31 mg; pyridoxine, 3.31 mg; 
and ascorbic acid, .08 mg.
‘Mineral premix provided the following per kilogram of diet: manganese (as 
manganese sulfate), 44 mg; zinc (as zinc sulfate), 132 mg; iron (as ferrous 
sulfate), 88 mg; copper (as copper sulfate), 17.6 mg; and iodine (as 
ethylenediamine dihydroiodide), .44 mg; with calcium carbonate as the carrier. 
dProvided .3 mg per kilogram of diet.
‘ Except for DL-methionine and L-glutamic acid levels, the other treatment diets 
were identical to these basal diets. In Exp. 1 (barrows), .55, .60, .65, and .70 
TSAA:Lys treatment diets contained .02, .05, .08, and .11% DL-methionine and 
1.10,1.07,1.04, and .97% L-glutamic acid, respectively. In Exp. 1 (gilts), .55, 
.60, .65, and .70 TSAALys treatment diets contained .03, .06, .09, and .13% 
DL-methionine and 1.26,1.23,1.20, and 1.17% L-glutamic acid, respectively.
In Exp. 2, .425, .50, .575, and .65 TSAA:Lys treatment diets contained .05, .10, 
.15, and .20% DL-methionine and 2.67,2.62, 2.57, and 2.51% L-glutamic acid, 
respectively. Also, IDAA:DAA varied from .83 to .86 in Exp. 1 barrow diets, 
from .83 to .85 in Exp. 1 gilt diets, and from .83 to .86 in Exp. 2 diets.
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four replicates of three pigs per replicate in a RCB design. The experimental 
period was 48 d.
Gilts were fed diets formulated to contain .65% lysine and TSAA:Lys 
ratios of .35, .425, .50, .575, and .65. Treatment diets (Table 5.1) consisted 
primarily of com and com starch. Diets contained the concentration of com 
necessary to obtain the TSAA level for the ratio of .35 TSAArLys. Diets were 
isonitrogenous, equal in electrolyte balance (meq of Na + K - Cl), and met or 
exceeded an ideal amino acid ratio (Baker, 1994) for all other indispensable 
amino acids. Total sulfur amino acid level was increased in treatment diets by 
the addition of DL-methionine, and L-glutamic acid levels were decreased to 
maintain equal nitrogen levels across treatment diets.
Blood sampling
An initial blood sample (before treatment diets were fed) was collected 
from pigs in both experiments for serum urea N (SUN) determination. Pigs 
were fed a com-soybean meal diet formulated to contain .72% total lysine at 
the time this initial blood sample was collected. Serum urea N concentrations 
from these samples were used as covariates (Coma et al., 1995a) for samples 
taken from each pig at the end of each feeding trial. Pigs were allowed 
unrestricted access to feed before bleeding (Cai et al., 1994). In Exp. 1, one 
blood sample (d 21) was collected from pigs in replicate 3 (final SUN) and two 
blood samples (d 21 and 47) were collected from pigs in replicates 1 and 2.
The two blood samples were analyzed and SUN concentrations were averaged
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together to obtain a final SUN concentration for replicates 1 and 2. One blood 
sample (d 45) was collected for final SUN determination from pigs in Exp. 2.
Blood was collected via the anterior vena cava. Serum was collected 
after centrifugation (1,600 x g) of the blood at 4° C for 20 min. Serum urea N 
concentrations were determined by a method described by Chaney and 
Marbach (1962).
Carcass Characteristics
Fourteen pigs (four barrows and ten gilts) were slaughtered to obtain 
initial carcass composition data. The initial carcass data were used to 
determine the rate of lean and fat accretion of the experimental pigs. These 
pigs were similar in ancestry, physical appearance, and initial BW (73 kg) to 
the pigs fed the experimental diets.
At the termination of each experiment, six (Exp. 1; two pigs per replicate) 
or eight (Exp. 2; two pigs per replicate) pigs per treatment were slaughtered to 
obtain carcass data. Following exsanguination and evisceration, leaf fat was 
removed and weighed. Hot carcass weight (HCW) was determined 
immediately after slaughter. Following a 24 hr chill at 2°C, psoas muscle 
weight, tenth rib fat thickness (TRF), longissimus muscle area (LMA, by tracing 
the longissimus muscle surface area at the tenth rib), and carcass length were 
obtained. Percentage muscle was calculated according to the NPPC (1991) 
equation for ribbed carcasses containing 5% fat when carcass weight is not 
held constant.
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Fat-free lean (FFLEAN) and total fat (TOFAT) were obtained by total 
body electrical conductivity (TOBEC) methods (Calkins et al., 1993; Higbie, 
1997). The FFLEAN and TOFAT were calculated based on data and equations 
from Higbie (1997). The equations used to calculate FFLEAN and TOFAT 
contain the most logical response variables that best predict either FFLEAN or 
TOFAT from both hot and cold TOBEC scans. In Exp. 1, FFLEAN and TOFAT 
were calculated using hot (immediately following slaughter) half carcass 
TOBEC scans. The FFLEAN was calculated as [24.0+(.093*TOBEC scan 
peak)-(.434*carcass temperature)] (R2=.92) and TOFAT was calculated as 
[1.09+(1.71 *TRF)+(.715*hot carcass half weight)-(.178*carcass length)- 
(.052*TOBEC scan peak)-(.006*carcass temperature)] (R2=.92). Initial 
FFLEAN and initial TOFAT of the experimental pigs were obtained from 
regression analysis of FFLEAN and TOFAT (from initial group of slaughter 
animals) on BW. Percentage FFLEAN (PFFLEAN) was calculated as 
(FFLEAN/HCW)*100 and percentage TOFAT (PTOFAT) was calculated as 
(TOFAT/HCW)*100.
Cold (following a 24 hr chill at 2°C) half carcass TOBEC scans were 
used in Exp. 2 to obtain FFLEAN and TOFAT. The FFLEAN was calculated as 
[9.73+(.174*TOBEC scan peak)-(.554*carcass temperature)] (R2=.91) and 
TOFAT was calculated as [1.57+(.1.09*TRF)+(.812*cold carcass half weight)- 
(,210*carcass length)-(.144*TOBEC scan peak)+(.598*carcass temperature)]
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(R2= 91). Initial FFLEAN, initial TOFAT, PFFLEAN, and PTOFAT were 
obtained in the same manner as in Exp. 1.
Energy retained in FFLEAN as protein (RE-P) and energy retained in 
TOFAT as ether extractable lipid (RE-F) were calculated based on values of 
5.66 Mcal/kg and 9.46 Mcal/kg, respectively (ARC, 1981). The amount of 
protein in FFLEAN was estimated to be 20.22%, and the amount of ether 
extractable lipid in TOFAT was estimated to be 73.31% (Higbie, 1997); these 
values are similar to those of Johnson et al. (1990a,b).
Statistical Analysis
Data from each experiment were analyzed by analysis of variance 
procedures (Steel and Torrie, 1980) appropriate for RCB or split-plot designs. 
Total sulfur amino acid to lysine ratio effects were evaluated by linear, 
quadratic, and cubic contrasts. Individual pig final BW was used as a covariate 
for leaf fat weight, psoas muscle weight, TRF, LMA, and carcass length for 
each pig. The individual initial SUN was used as a covariate for the final SUN 
for each pig. In Exp. 1, barrow and gilt data are combined when the gender x 
TSAArLys ratio interactions were not significant (P>.10), and TSAArLys ratio x 
gender x replication was the error term used to test the effect of TSAArLys 
ratio. In Exp. 2, TSAArLys ratio x replication was the error term used to test the 
effect of TSAArLys ratio. In Exp. 2, one-slope, broken-line regression models 
(Robbins, 1986; Knowles et al., 1997) were used to estimate required ratios of 
TSAArLys. These required ratios were estimated from the response curves of
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the least squares means. Standard errors of required ratio estimates of 
TSAArLys were obtained from the broken-line regression analysis.
Results
Experiment 1
Growth data, linear carcass measurements, and lean and fat 
composition of the carcasses are presented in Tables 5.2, 5.3, and 5.4. There 
were no TSAArLys ratio effects (P>.10) for ADG, final BW, or SUN (Table 5.2). 
Feed intake was higher for pigs fed .50 or .70 TSAArLys than for pigs fed the 
intermediate levels (quadratic, P<.05). Also, there was a gender x TSAArLys 
ratio effect (P<.02) for GF. For GF, barrows did not respond to ratio of 
TSAArLys, and gilts (linear, P<.04; quadratic, P<.02; cubic, P<.02) responded 
inconsistently to ratio of TSAArLys.
Hot carcass weight and dressing percentage (DP) responded 
inconsistently (cubic, P<.07) to TSAArLys ratio (Table 5.3). Psoas muscle 
weight was heavier (linear, P<.03; cubic, P<.10) for pigs fed a TSAArLys ratio 
of .55 than for pigs fed a ratio of .50 or ratios greater than .55. A gender x 
TSAArLys ratio effect (P<.05) was observed for leaf fat weight. Leaf fat weight 
of gilts was decreased by TSAArLys ratios up to .60 and then increased for gilts 
fed ratios of .65 and .70 (linear, P<.10; quadratic, P< 08). Leaf fat weight of 
barrows, however responded inconsistently to TSAArLys ratio (cubic, P<.05). 
Tenth rib fat thickness responded in a similar manner as leaf fat weight with a 
decrease in TRF by TSAArLys ratios up to .55 followed by an increase up to
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Table 5.2. Growth performance and serum urea N of finishing pigs fed varying
ratios of TSAArLys (Exp. 1 )*__________________________________________
TSAALys
Item .50 .55 .60 .65 .70 SEM
ADG, kgb .93 .94 .89 .94 .91 .03
ADFI, kge 3.85 3.66 3.64 3.53 4.16 .19
Gainifeed*
barrows .23 .27 .22 .26 .24 .01
gilts* .26 .25 .27 .27 .19 .01
FW, kg 112.3 112.5 110.7 110.1 112.3 2.0
SUNF, mmol/L' 4.16 4.40 3.77 4.05 4.00 .21
‘Data are means of six replicates (three of each gender) of three (replicates 1 
and 2) or four (replicate 3) pigs each. The gain:feed data are means of three 
replicates of three (replicates 1 and 2) or four (replicate 3) pigs each. Average 
initial BW was 77 kg. SUNF = final serum urea N; FW = final BW. 
hGender effect (P<.05).
TSAALys ratio effect (quadratic, P<.05).
“Gender x TSAALys ratio (P<.02).
TSAALys ratio effect (linear, P<.04; quadratic, P<.02; cubic, P<.02).
'Individual pig SUN values were used and initial SUN was used as a covariate 
for SUNF. Serum urea N data are means of 20 pigs per ratio of TSAALys. 
Initial SUN = 8.85 mmol/L
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Table 5.3. Carcass characteristics of finishing pigs fed varying ratios of
TSAArLys (Exp. 1 )*___________________________________________
TSAArLys
Item .50 .55 .60 .65 .70 SEM
HCW, kgb 83.5 87.0 83.8 83.3 86.6 1.6















Psoas weight, gd'  470.2 486.0 468.5 450.4 452.3 9.3
TRF, cmbd 2.76 2.48 2.66 2.92 2.78 .13
LMA, cm2d 33.6 35.4 34.7 33.3 33.0 1.1
PM, %d 47.8 48.8 48.5 47.2 47.0 .9
Carcass length, cm 81.9 82.0 81.8 80.9 82.3 .6
DP, %b 75.0 75.9 75.3 74.9 76.0 .3
'Data are means of six replicates (three of each gender) of three (replicates 1 
and 2) or four (replicate 3) pigs each for HCW and PM. Psoas muscle weight, 
TRF, LMA, and carcass length are means of twelve pigs per TSAArLys ratio. 
Leaf fat weight data are means of six barrows and six gilts per TSAArLys ratio. 
Initial and final BW were 77 and 111 kg, respectively. Final BW was used as a 
covariate for leaf fat weight, psoas muscle weight, TRF, LMA, and carcass 
length. Percentage muscle was calculated according to NPPC (1991). HCW = 
hot carcass weight; TRF = tenth rib fat thickness; LMA = longissimus muscle 
area; PM = percentage muscle; DP = dressing percentage.
“TSAArLys ratio effect (cubic, P<.07). 
cGender x TSAArLys ratio effect (P<.05).
“Gender effect (P<.09).
TSAArLys ratio effect (linear, P<.10; quadratic, P<.08).
TSAArLys ratio effect (linear, P<.03; cubic, P<.10).
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the highest ratio of TSAArLys (cubic, P<.07). There were no TSAArLys ratio 
effects (P>.10) for LMA, percentage muscle, or carcass length.
There were TSAArLys ratio cubic effects (P<.08) for FFLEAN and RE-P 
(Table 5.4). The FFLEAN and RE-P were increased by the .55 ratio of 
TSAArLys and then decreased thereafter. There were no TSAArLys ratio 
effects (P>.10) present for PFFLEAN, lean gain per day (LGD), TOFAT, 
PTOFAT, fat gain per day (FGD), RE-F, retained energy (RE; RE-P + RE-F), or 
leanrfat ratio.
Gender effects (P<.10) were present for growth performance, carcass 
characteristics, and lean and fat composition of the carcasses, and generally 
followed expected trends. Within parenthesis, data will be included in the 
following order, barrows, gilts, and the SEM. Barrows had higher ADG (.94 kg, 
.90 kg, .02) than gilts. Gilts had less leaf fat (1719.7 g, 1507.5 g, 16.3), TRF 
(3.02 cm, 2.42 cm, .13), TOFAT (30.5 kg, 26.1 kg, 1.1), PTOFAT (35.4%,
30.9%, 1.0), and FGD (463.6 g, 360.7 g, 18.8) than barrows. Furthermore, gilts 
had greater psoas muscle weights (451.3 g, 479.6 g, 5.5), LMA (31.5 cm2, 36.5 
cm2, .5), percentage muscle (45.6%, 50.1%, .5), FFLEAN (34.4 kg, 36.1 kg, .1), 
PFFLEAN (40.3%, 43.1%, .4), LGD (110.4 g, 159.4 g, 9.9), RE-P (5.50 Meal, 
7.49 Meal, .26), and leanrfat ratio (1.17,1.44, .05) than barrows. These results 
are in agreement with well documented reports in the literature (Watkins et al., 
1977; Christian et al., 1980; Cromwell et al., 1990,1993).
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Table 5.4. Lean and fat composition of finishing pigs fed varying ratios of
TSAArLys (Exp. i r * ____________
TSAArLys
Item .50 .55 .60 .65 .70 SEM
FFLEAN, kg6* 34.5 36.4 35.6 34.2 35.4 .7
PFFLEAN, %d 41.4 42.0 42.6 41.3 40.9 .9
LGD, gd 128.8 154.2 139.4 121.9 130.2 14.5
TOFAT, kgd 27.9 28.5 27.3 28.5 29.3 1.5
PTOFAT, %d 33.3 32.6 32.4 33.8 33.6 1.4
FGD, gd 405.4 417.9 384.3 426.7 426.3 38.3
RE-P, Mcalcd 5.88 7.59 6.89 5.82 6.28 .68
RE-F, Meal 107.9 109.1 101.9 114.1 113.3 9.9
RE, Meal 113.8 116.7 108.8 119.9 119.5 9.8
Lean:fatd 1.29 1.33 1.35 1.28 1.26 .08
'Data are means of twelve pigs per TSAArLys ratio. Initial and final BW were 
77 and 111 kg, respectively. FFLEAN = final fat-free lean; PFFLEAN = 
percentage fat-free lean; LGD = lean gain per day; TOFAT = final total fat; 
PTOFAT -  percentage total fat; FGD = fat gain per day; RE-P -  retained 
energy in FFLEAN as protein; RE-F = retained energy in TOFAT as ether 
extractable lipid; RE = retained energy (RE-P + RE-F). 
blnitial FFLEAN = 29.6 kg; initial TOFAT = 12.5 kg; initial carcass energy in 
initial FFLEAN as protein = 33.9 Meal; initial carcass energy in initial TOFAT as 
ether extractable lipid = 86.9 Meal; initial total carcass energy = 120.7 Meal; 
final carcass energy in FFLEAN as protein = 40.3 Meal; final carcass energy in 
TOFAT as ether extractable lipid = 196.1 Meal; final total carcass energy = 
236.5 Meal.
cTSAA:Lys ratio effect (cubic, P<.09). 
dGender effect (P<.10).
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Experiment 2
Growth data, linear carcass measurements, and lean and fat 
composition of the carcasses are presented in Tables 5.5,5.6, and 5.7. There 
were no TSAAiLys ratio effects (P>.10) for ADG or final BW (Table 5.5). Feed 
intake (linear, P<.08) decreased and GF (linear, P<01; quadratic, P<.04) 
increased as TSAAiLys ratio increased. Final SUN decreased (linear, P<.02; 
quadratic, P<.01) as TSAAiLys ratio increased.
There were no TSAAiLys ratio effects (P>.10) for HCW, leaf fat weight, 
psoas muscle weight, TRF, LMA, percentage muscle, carcass length or DP 
(Table 5.6). The TOFAT, PTOFAT, FGD, RE-F, and RE decreased (linear, 
P<05), whereas, PFFLEAN and leamfatratio increased (linear, P<.07), as 
TSAAiLys ratio increased (Table 5.7). Also, there were no TSAAiLys ratio 
effects (P>.10) for FFLEAN, LGD, and RE-P.
One-slope, broken-line regression models estimated required ratios of 
TSAAiLys of .44 (SUN), .40 (ADG), .47 ( ADFI), .45 (GF), .45 (FFLEAN), .44 
(LGD), .65 (TOFAT), .65 (FGD), .44 (RE-P), .65 (RE-F), .65 (RE), and .57 
(leamfat ratio) (Table 5.8).
Discussion
The research reported herein was conducted to determine the optimum 
ratio of TSAAiLys for late finishing pigs. To determine ratios of individual 
amino acids to lysine, it is important that animals are fed diets containing no 
excess lysine. Feeding excess lysine would result in a lower ratio than the
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Table 5.5. Growth performance and serum urea N of finishing pigs fed varying
ratios of TSAAiLys (Exp. 2)*_________________________________________
TSAAiLys
Item .35 .425 .50 .575 .65 SEM
ADG, kg .73 .78 .76 .77 .77 .03
ADFI, kgb 3.58 3.32 3.18 3.14 3.22 .15
Gaimfeed® .21 .23 .24 .25 .24 .01
FW, kg 107.7 110.7 110.7 111.2 111.2 1.4
SUNF. mmol/L®* 3.99 2.46 1.89 2.02 2.74 .34
'Data are means of four replicates of three pigs each per treatment. The ADFI 
and gaimfeed are means of three (.35) or four (.425, .50, .575, and .65) 
replicates of three pigs each. Average initial BW was 74 kg. SUNF = final 
serum urea N; FW = final BW.
TSAAiLys ratio effect (linear, P<.08).
TSAAiLys ratio effect (linear, P<.02; quadratic, P<.04). 
individual pig SUN values were used and initial SUN was used as a covariate 
for SUNF. Serum urea N data are means of 11 (.65) or 12 (.35, .425, .50, and 
.575) pigs per ratio of TSAAiLys. Initial SUN = 9.10 mmol/L.
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Table 5.6. Carcass characteristics of finishing pigs fed varying ratios of
TSAArLys (Exp. 2)*____________
TSAArLys
Item .35 .425 .50 .575 .65 SEM
HCW, kg 82.2 83.7 84.7 82.3 82.6 1.4
Leaf fat, g 1531.9 1596.8 1519.1 1427.3 1375.8 116.5
Psoas weight, g 470.6 463.3 494.0 486.3 495.0 22.6
TRF, cm 2.37 2.30 2.33 2.31 2.23 .17
LMA, cm2 36.7 34.8 39.6 34.8 37.8 1.6
PM 50.1 49.8 51.0 49.8 51.0 .9
Carcass length, cm 78.9 79.0 78.4 79.5 80.4 .9
DP, % 75.4 74.8 76.1 74.5 75.2 .5
*Data are means of four replicates of three pigs each for HCW and PM. Psoas 
muscle weight, TRF, LMA, and carcass length are means of eight pigs per 
TSAArLys ratio. Initial and final BW were 74 and 110 kg, respectively. Final 
BW was ussd as a covariate for leaf fat weight, psoas muscle weight, TRF, 
LMA, and carcass length. Percentage muscle was calculated according to 
NPPC (1991). HCW = hot carcass weight; TRF = tenth rib fat thickness; LMA = 
longissimus muscle area; PM = percentage muscle; DP = dressing percentage.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
63
Table 5.7. Lean and fat composition of finishing pigs fed varying ratios of
TSAArLys (Exp. 2) '* ___________________________________________
TSAArLys
Item .35 .425 .50 .575 .65 SEM
FFLEAN, kg 35.0 37.2 38.0 37.6 37.8 1.2
PFFLEAN, %c 42.8 44.4 44.8 45.7 45.9 1.0
LGD, g 133.1 176.1 187.5 176.8 188.3 24.4
TOFAT, kg' 28.9 28.4 29.1 26.9 26.0 1.0
PTOFAT, %' 35.1 34.0 34.4 32.7 31.5 1.3
FGD, g' 365.3 352.4 359.0 309.8 300.8 21.0
RE-P, Meal 7.31 9.67 10.30 9.71 10.35 1.34
RE-F, Meal' 121.6 117.3 119.5 103.1 100.1 7.0
RE, Meal' 128.9 127.0 129.8 112.8 110.5 6.7
Leanrfaf 1.24 1.32 1.32 1.44 1.48 .08
'Data are means of 8 pigs per treatment. Initial and final BW were 74 and 110 
kg, respectively. FFLEAN = final fat-free lean; PFFLEAN = percentage fat-free 
lean; LGD = lean gain per day; TOFAT = final total fat; PTOFAT = percentage 
total fat; FGD = fat gain per day; RE-P = retained energy in FFLEAN as protein; 
RE-F = retained energy in TOFAT as ether extractable lipid; RE = retained 
energy (RE-P + RE-F).
blnitial FFLEAN = 28.9 kg; initial TOFAT = 11.7 kg; initial carcass energy in 
initial FFLEAN as protein = 33.0 Meal; initial carcass energy in initial TOFAT as 
ether extractable lipid = 80.9 Meal; initial total carcass energy = 114.0 Meal; 
final carcass energy in FFLEAN as protein = 42.5 Meal; final carcass energy in 
TOFAT as ether extractable lipid = 193.3 Meal; final total carcass energy = 
235.8 Meal.
TSAArLys ratio effect (linear, P<.07).
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Table 5.8. TSAA:Lys ratio estimates (Exp. 2)*
Item TSAA:Lvs SE Fitted one-slope model" R2
SUNF .44e .03 Y=2.22+20.35(.44-Xlr ) .85
ADG .40 .13 Y*.77-.74(.40-Xlr ) .84
ADFI .476 .02 Y=3.18+3.44(.47-Xu?) .97
Gaimfeed .45e .01 Y*.24-.38(.45-Xlr ) .99
FFLEAN .45 .01 Y*37.83-29.09(.45-Xlr ) .99
LGD .44 .02 Y=184.22-573.58(.44-Xlr ) .96
TOFAT .65° .13 Y=26.40+9.81(.65-Xlr ) .74
FGD .65' .12 Y=303.1 5+228.68(.65-Xlr ) .82
RE-P .44 .01 Y=10.19-31.73(.44-XtR) .96
RE-F .65' .11 Y=101 .34+76.44(.65-Xlr ) .82
RE .65' .04 Y s n z n + e s ^ ^ -X L R ) .74
Lean:fat .57' .10 Y=1.41 -.74(.57-X o) .83
aTSAA:Lys ratio estimates were obtained from one-slope, broken-line 
regression models and are expressed as a percentage of lysine. SUNF = final 
serum urea N; FFLEAN = final fat-free lean; LGD = lean gain per day; TOFAT = 
final total fat; FGD = fat gain per day; RE-P -  retained energy in FFLEAN as 
protein; RE-F = retained energy in TOFAT as ether extractable lipid; RE = 
retained energy (RE-P + RE-F).
bY=L+U(R-XLR) where L=the ordinate of the breakpoint in the curve; R=the 
abscissa of the breakpoint in the curve (the requirement estimate); X ^-a  value 
of X less than R; U=the slope of the line for X less than R.
'Significant TSAA:Lys ratio effect.
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ratio determined if the lysine level fed was at the requirement. Therefore, the 
treatment diets in both experiments were formulated to contain lysine at a level 
slightly below the pigs’ requirement. This raises the question as to whether the 
ratio of TSAArLys remains constant at dietary lysine levels below the 
requirement. We recently reported that the ratio of TSAArLys was the same in 
chicks fed lysine levels of .90 or 1.1% in chicks with a determined lysine 
requirement of 1.1% (Knowles and Southern, 1997). Thus, the TSAArLys ratios 
determined for pigs in these experiments will apply to pigs fed diets adequate 
in lysine.
The research on the TSAA requirement of the finishing pig has not been 
consistent Total sulfur amino acid requirements of .24% (Allee and Trotter, 
1974), .17% (27% of lysine; Brown et al., 1974), .47% (56% of lysine; Roth and 
Kirchgessner, 1987), .34% (57% of lysine; NRC, 1988), .45% (75% of lysine; 
Chung et al., 1989), and .45% (51% of lysine; Lenis et al., 1990) have been 
reported for finishing (50 to 110 kg) pigs. More recently, Loughmiller et al. 
(1997) reported a TSAA requirement of .285% (50% of lysine) for 74 to 104 kg 
pigs.
In Exp. 1, growth performance, SUN, and linear carcass characteristics 
did not respond or responded inconsistently to ratio of TSAArLys. Thus, pigs 
fed TSAArLys ratios of .50 or higher had similar performance and carcass 
characteristics as pigs fed the current proposed ratio of .65 (Baker, 1994; Hahn 
and Baker, 1995). These results are in agreement with Brown et al. (1974) in
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which pigs did not respond to the addition of DL-methionine to the basal diet 
(.17% TSAA; 27% of lysine) formulated to contain 1.2 times the requirement of 
all other indispensable amino acids. Also, Lenis et al. (1990) reported that 
growth rate and carcass characteristics of 35 to 105 kg pigs were unaffected by 
methionine addition to a basal diet (.45% TSAA, 51% of lysine; .65% threonine; 
.2% tryptophan; .63% isoleucine). Thus, pigs in these previous reports and 
pigs in Exp. 1 were probably fed at or above their TSAA requirement.
Measures of carcass muscling (psoas weight, LMA, PM, FFLEAN, LGD) 
tended to be increased in pigs fed the .55 TSAArLys compared with pigs fed 
the .50 TSAArLys. Also, measures of carcass fatness (leaf fat and TRF but not 
FGD and TOFAT) were decreased by the first increment of TSAA addition.
From these data, one might suggest a ratio of TSAArLys of .55 to maximize 
muscling and minimize fatness.
As a result of the lack of a clear response to additions of dietary 
methionine in Exp. 1, Exp. 2 was conducted utilizing a lower level of TSAA in 
the basal diet. Feed intake, GF, SUN, TOFAT, FGD, RE-F, RE, and leanrfat 
ratio responded to dietary additions of DL-methionine to the basal level of 
TSAA (.23%). Also, required ratios of TSAArLys were estimated for these 
response criteria. Although the TSAArLys ratio effects were not significant for 
ADG, FFLEAN, LGD, and RE-P, one-slope broken-line regression models were 
successfully fitted to these data with R2 between .84 and .99.
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For growth performance and carcass muscling traits, the estimated 
required ratios of TSAArLys ranged from .40 to .47 with an average of .44. 
However, for the fatness traits, estimated required ratios of TSAArLys were .65. 
For the growth and muscling traits, the estimated required ratios of TSAArLys 
are in agreement with Lenis etal. (1990; .51) and Loughmiller et al. (1997; .50). 
However, these data are not in agreement with Roth and Kirchgessner (1987; 
.55-.57J, Chung et al. (1989; .75), Baker (1994; .65), and Hahn and Baker 
(1995; .65). Some of this discrepancy may be due to varying experimental 
designs. For example, Hahn and Baker (1995) observed improved GF, 
carcass characteristics, and N retention with the simultaneous increase in the 
ratios of threonine, tryptophan, and TSAA to lysine. Thus, it is not known 
whether the response was due to TSAA, threonine, tryptophan, or a 
combination of the three amino acids.
The estimated ratio of .65 TSAArLys to minimize fat composition and 
accretion is in agreement with Roth and Kirchgessner (1987), Baker (1994), 
and Hahn and Baker (1995). However, the latter researchers determined their 
ratios on response variables that included factors other than carcass fat 
composition and accretion. Roth and Kirchgessner (1987) determined their 
TSAArLys ratio (.55-.57) based on the response variables of growth and feed 
efficiency. Whereas, Hahn and Baker (1995) observed improved gainrfeed, 
increased whole body and carcass protein accretion, increased N retention, as
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well as, decreased urinary N excretion in finishing pigs fed a TSAArLys ratio of
.65 compared to pigs fed a TSAArLys ratio of .60.
As mentioned previously, the lysine level in the basal diets was at or 
slightly below the pigs' requirement. This low level of lysine inclusion leads to 
the possibility of an amino acid imbalance as DL-methionine was incrementally 
increased in the treatment diets. An amino acid imbalance occurs when there 
is an excess of an indispensable amino acid other than the one that is limiting 
(i.e., lysine; Harper et al., 1970). An imbalance may occur with only small 
excesses of amino acids when animals are fed low-protein diets (Harper et al., 
1970). However, more mature animals are not as susceptible to an amino acid 
imbalance as younger animals, and animals may become adapted to an amino 
acid imbalanced diet, especially if the imbalance is small (Harper et al., 1970).
Edmonds and Baker (1987) reported that weanling pigs were not 
adversely affected by .5% or 1% supplemental methionine. However, when 2% 
or 4% methionine was fed, gain and feed intake decreased (no change in GF), 
thus indicating that an amino acid imbalance was occurring. Their basal diet 
was adequate in all amino acids. The pigs in our experiments were not fed 
more than .2% supplemental methionine; therefore, an amino acid imbalance 
should not have occurred. Also, feed intake and gain have been reported to 
decrease dramatically when an amino acid imbalance occurs (Harper et al., 
1970; Cieslakand Benevenga, 1984a,b; Edmonds and Baker, 1987).
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However, in our experiments, the ADG and ADFI responses were not indicative 
of an amino acid imbalance.
Implications
The objective of this research was to determine the optimum ratio of total 
sulfur amino acids to lysine for finishing pigs. It seems clear that the optimum 
ratio for growth and carcass muscling is not greater than .47 TSAArLys, but that 
the ratio to minimize fat deposition is near the suggested ratio of .65.
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CHAPTER VI
EFFECT OF DIETARY FIBER OR FAT IN LOW CRUDE PROTEIN, 
CRYSTALLINE AMINO ACID-SUPPLEMENTED DIETS FOR FINISHING PIGS
Introduction
Recent research indicates that finishing pigs fed low CP diets with 
crystalline amino acids added to meet the pig's amino acid requirements are 
fatter than pigs fed amino acids from intact protein sources (Noblet et al., 1987; 
Lewis, 1989; Schoenherr, 1992; Chewning et al., 1995; Kerretal., 1995). The 
reason for the increased fatness is not known but may be due to an increased 
NE content of the low CP diets. Pigs fed low CP, amino acid-supplemented 
diets have dramatically reduced plasma urea nitrogen levels (Lopez et al.,
1994; Kerr and Easter, 1995; Miller etal., 1996), which is an indication of 
reduced need for deamination of excess amino acids. Also, pigs fed crystalline 
amino acid-supplemented diets have a reduced pancreas weight (Ward and 
Southern, 1995), which may indicate lower pancreatic activity and contribute to 
a lower energy requirement of these pigs. Thus, more energy may be available 
in the low CP diets for fat deposition.
The inclusion of crystalline amino acids, especially L-lysine*HCI, in pig 
diets is common in the swine industry because feed costs may be reduced by 
replacing a portion of the protein source with crystalline amino acids.
Therefore, a means to prevent the increase in backfat when crystalline amino 
acids are fed needs to be evaluated. One possibility may be to decrease the
70
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NE content of diets by the inclusion of dietary fiber or by the removal of dietary 
fat.
Diets containing dietary fiber have been reported to reduce backfat in 
pigs (Pond et al., 1988,1989). The effect of fiber in reducing backfat may not 
actually be a direct effect of fiber, but an effect of fiber reducing the NE content 
of the diet (Baird et al., 1970). Thus, fiber may have an energy diluting effect 
on the diet and may reduce backfat of pigs fed low CP, crystalline amino acid- 
supplemented diets.
The research reported herein was conducted to evaluate growth 
performance, carcass characteristics, and lean and fat deposition of pigs fed 
dietary fiber or reduced dietary fat in diets, which contain crystalline amino 
acids in place of a portion of the intact protein source, at both an equal and 
reduced NE contents.
Materials and Methods
Experiments 1 and 2
Two experiments were conducted to determine the effect of dietary fiber 
in low CP, crystalline amino acid-supplemented diets for late finishing pigs. 
Crossbred pigs from the Louisiana State University Agricultural Center Swine 
Unit were used in each experiment Pigs were housed in a curtain-sided 
building in 2.9- x 1.5-m pens with concrete slats the entire length of the pen. 
Feed and water were provided on an ad libitum basis throughout the
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experiments. Growth performance was evaluated by ADG, ADFI, and gaimfeed 
(GF).
Design. Sixty-four barrows (Exp. 1) or gilts (Exp. 2) were allotted to 
treatments on the basis of BW with ancestry equalized across treatments. Pigs 
had initial and final BW of 74 and 117 kg in Exp. 1, and 74 and 102 kg in Exp.
2. Pigs were allotted to four treatments with four replicates of four pigs per 
replicate in a randomized complete block design (RCB). The experimental 
periods were 64 (Exp. 1, replicates 1 and 2), 55 (Exp. 1, replicates 3 and 4), 46 
(Exp. 2, replicates 1, 2, and 3), or 31 (Exp. 2, replicate 4) d.
Treatment Diets. Barrows (Exp. 1) and gilts (Exp. 2) were fed diets 
formulated to contain .64% and .75% lysine, respectively. The treatment diets 
in Exp. 1 were as follows (Table 6.1): 1) com-soybean meal (C-SBM), 2) low 
CP (3.5%), crystalline amino acid (CAA), 3) CAA + rice hulls (CAA+RH; NE 
equal to C-SBM), and 4) CAA+RH+OIL (NE equal to CAA). In Exp. 2 (Table
6.2), treatment diets were similar to Exp. 1 except RH were replaced with wheat 
middlings (WM), and OIL was replaced with FatPak® 100 (FAT). In Exp. 1, 
amino acid composition of RH was not considered in the diet formulation; 
however, in Exp. 2, WM were considered to provide amino acids and thus, the 
amino acid content of WM was considered in the diet formulation. Treatment 
diets were formulated based on actual amino acid analyses of com, soybean 
meal, and wheat middlings (Exp. 2). Also, diets were formulated on a NE basis 
(Noblet et al., 1994a) which was based on actual analyses of feed ingredients
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Table 6.1. Percentage composition of treatment diets, as-fed basis (Exp. 1 )* 
Ingredient______________ C-SBM_____CAA CAA+RH CAA+RH+OIL
Com 74.72


































Protein 12.63 9.13 9.21 9.21
Lysine .64 .64 .64 .64
Threonine .50 .45 .45 .45
Tryptophan .12 .12 .12 .12
TSAA .51 .42 .42 .42
Isoleucine .49 .38 .38 .38
Valine .61 .44 .44 .44
Calcium .60 .60 .60 .60
Phosphorus .50 .50 .50 .50
ME, kcal/kg 3145 3265 3162 3301
NE. kcal/kg 2916 3018 2916 3018
‘Diet formulation and calculated diet composition are based on actual amino 
acid analysis of com and soybean meal.
‘Vitamin premix provided the following per kilogram of diet: vitamin A, 8,267 
IU; vitamin D3, 2,480 IU; vitamin E, 66IU; vitamin B12, .05 mg; riboflavin, 10 mg; 
niacin, 66 mg; d-Ca-pantothenic acid, 37 mg; choline (as choline chloride), 661 
mg; menadione (as menadione dimethylpyrimidol bisulfite), 6.2 mg; folic acid,
2.48 mg; d-biotin, .33 mg; thiamine, 3.31 mg; pyridoxine, 3.31; and ascorbic 
acid, .08 mg.
(table con'd.)
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'Mineral premix provided the following per kilogram of diet: manganese (as 
manganese sulfate), 44 mg; zinc (as zinc sulfate), 132 mg; iron (as ferrous 
sulfate), 88 mg; copper (as copper sulfate), 17.6 mg; and iodine (as 
ethylenediamine dihydroiodide), .44 mg; with calcium carbonate as the carrier. 
dProvided .3 mg per kilogram of diet.
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Ingredient C-SBM CAA CAA+WM CAA+WM+FAT
Com 70.01 78.05 78.05 78.05
Soybean meal, 48% CP 19.06 10.35 10.35 10.35
Limestone 1.04 1.03 1.03 1.03
Mono-calcium phosphate .86 1.02 1.02 1.02
Salt .50 .50 .50 .50
Vitamins6 .38 .38 .38 .38
Minerals6 .10 .10 .10 .10
Se premix6 .05 .05 .05 .05
Com starch 8.00 8.00 3.84 1.72
Wheat middlings - - 4.26 4.26
Dry fat* - - - 2.12
L-Lysine«HCI - .30 .27 .27
L-Threonine - .12 .10 .10
L-Tryptophan - .05 .04 .04
DL-Methionine - .03 .01 .01
L-lsoleucine - .02 - -
Calculated diet composition*
Protein 15.20 12.10 12.70 12.70
Lysine .75 .75 .75 .75
Threonine .54 .53 .53 .53
Tryptophan .14 .14 .14 .14
TSAA .56 .49 .49 .49
Isoleucine .61 .45 .46 .46
Valine .72 .55 .58 .58
Calcium .60 .60 .60 .60
Phosphorus .50 .50 .50 .50
ME, kcal/kg 3094 3190 3103 3187
NE. kcal/kg 2908 2987 2908 2987
‘Diet formulation and calculated diet composition are based on actual amino 
acid analysis of com and soybean meal.
‘Vitamin premix provided the following per kilogram of diet: vitamin A, 8,267 
IU; vitamin D3l 2,480 IU; vitamin E, 66 IU; vitamin B12, 05 mg; riboflavin, 10 mg; 
niacin, 66 mg; d-Ca-pantothenic acid, 37 mg; choline (as choline chloride), 661 
mg; menadione (as menadione dimethylpyrimidol bisulfite), 6.2 mg; folic acid,
2.48 mg; d-biotin, .33 mg; thiamine, 3.31 mg; pyridoxine, 3.31; and ascorbic 
acid, .08 mg.
(table con’d.)
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cMineral premix provided the following per kilogram of d iet manganese (as 
manganese sulfate), 44 mg; zinc (as zinc sulfate), 132 mg; iron (as ferrous 
sulfate), 88 mg; copper (as copper sulfate), 17.6 mg; and iodine (as 
ethylenediamine dihydroiodide), .44 mg; with calcium carbonate as the carrier. 
Provided .3 mg per kilogram of diet.
'FatPak® 100.
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for ether extract, ash, NDF, and ADF (AOAC, 1990), as well as starch (Thivend 
et al., 1972). In each Exp., the low CP, crystalline amino acid-supplemented 
diets were formulated to meet or exceed an ideal amino acid ratio (Baker,
1994) for finishing pigs.
Blood sampling. An initial blood sample was collected (before treatment 
diets were fed) in both experiments for serum urea N (SUN) determination. At 
the time the initial blood sample was collected, pigs were fed com-soybean 
meal diets formulated to contain .72% total lysine. Serum urea N 
concentrations from these samples were used as covariates (Coma et al.,
1995) for samples taken from each pig at the end of each feeding trial. Pigs 
were not held without feed before bleeding (Cai et al., 1994). One blood 
sample on d 55 (Exp. 1) or d 28 (Exp. 2) was collected for final SUN 
determination.
Blood was collected via the anterior vena cava. Serum was collected 
after centrifugation (1,600 x g) of the blood at 4° C for 20 min. Serum urea N 
concentrations were determined by a method described by Chaney and 
Marbach (1962).
Oroan Energy Expenditure. We were unable to find organ (kcal/g 
tissue) energy expenditures for pigs. Therefore, values were calculated for 
pigs fed C-SBM and these calculations were used to estimate the energy 
expenditure per g of tissue for all pigs. Organ energy expenditures for pigs fed 
C-SBM were calculated based on total heat production (kcal/d) of each pig
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which was estimated from final BW and metabolizable energy intake (Noblet et 
al., 1994b). Then, based on a review of the literature, the portal-drained 
viscera (gastrointestinal tract, spleen, and pancreas), liver, heart, lungs, and 
kidneys were estimated to represent 22.5,22.5,10.0, 2.5, and 12.0% of total 
heat production (energy expenditure), respectively (Barcroft, 1947; Bard, 1961; 
Wade and Bishop, 1962; Forster, 1964; Milnor, 1968; Neutze et al., 1968;
Smith and Baldwin, 1974; Canas et al., 1982; Thomson et al., 1995, Yen,
1997). Therefore, organ energy expenditure per g of organ was calculated as 
[energy expenditure of the organ/organ weight (g)] for pigs fed C-SBM. Organ 
energy expenditures were then calculated as [organ energy expenditure per g 
of organ(as determined for pigs fed C-SBM)*organ weight (g)].
Experiment 3
This experiment was conducted to determine the effect of reduced 
dietary fat in low CP, crystalline amino acid-supplemented diets for finishing 
pigs. Gilts were used in this experiment, and they were housed in a 
commercial, double curtain sided facility. Pens were 3.91- x 2.44-m with solid 
concrete flooring in 40% of the pen and concrete slats in the remaining 60% of 
the pen. Feed and water were provided on an ad libitum basis throughout the 
experiment. Growth performance was evaluated by ADG, ADFI, and GF.
Design. Seven hundred two gilts were allotted to treatments on the 
basis of BW. Pigs had initial and final BW of 70 and 110 kg. They were
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allotted to six treatments with nine replicates of 13 gilts per replicate in a RCB. 
The experimental period was 49 d.
Treatment Diets. Gilts were fed diets formulated to contain two levels of 
CP (15.5 or 11.7%) and three levels of NE (2,650.2,617, or 2,584 kcal/kg) 
resulting in a 2 x 3 factorial arrangement of treatments. Treatment diets (Table
6.3) were formulated on a true digestible amino acid basis using digestibility 
values of Southern (1991). The low CP, crystalline amino acid-supplemented 
diets met or exceeded an ideal amino acid ratio for finishing pigs (Baker and 
Chung, 1992), except for TSAA (.55) and tryptophan (.18). Amino acid 
composition of com and soybean meal were obtained from Kidd et al. (1996). 
Also, diets were formulated on a NE basis in the same manner as in Exp. 1 and 
2.
Carcass Characteristics
Ten barrows (Exp. 1), seven gilts (Exp. 2), or nine gilts (Exp. 3) were 
slaughtered at the beginning of each experiment to obtain initial carcass 
composition data. The initial carcass data was used to determine the rate of 
lean and fat accretion of the experimental pigs. These pigs were similar in 
ancestry, physical appearance, and initial BW (Exp. 1,67 kg; Exp. 2, 70 kg;
Exp. 3,69 kg) to the pigs fed the experimental diets.
At the termination of Exp. 1 and 2,16 (Exp. 1; four per replicate) or 12 
(Exp. 2; three per replicate) pigs per treatment were slaughtered to obtain 
carcass data. Following exsanguination and evisceration, leaf fat and internal
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Table 6.3. Percentage composition of treatment diets, as-fed basis (Exp. 3)*
_______ 15.5% CP 11.7% CP
__________________ NE. kcal/kg________________
Ingredient_________ 2650 2617 2584 2650 2617 2584
Com 75.15 75.95 76.80 85.09 85.94 86.37
Soybean meal, 48% 20.15 20.10 20.05 10.66 10.55 10.75
Limestone .98 1.04 .98 .92 .93 .98
Di-calcium phosphate .55 .55 .50 .70 .70 .70
Salt .47 .47 .47 .47 .47 .80
Vitamins'* .03 .03 .03 .03 .03 .03
Minerals6 .10 .10 .10 .10 .10 .10
Choline chloride .06 .06* .06 .06 .06 .06
Copper sulfate .05 .05 .05 .05 .05 .05
Ethoxyquin .01 .01 .01 .01 .01 .01
Poultry fat 2.45 1.70 .95 1.45 .7 -
L-Lysine»HCI - - - .29 .29 .29
L-Threonine - - - .11 .11 .11
L-Tryptophan - - - .02 .02 .02
Calculated diet composition' 
Protein 15.4 15.4 15.5 11.7 11.7 11.8
Lysine .80 .80 .80 .77 .77 .77
Threonine .60 .60 .60 .55 .55 .55
Tryptophan .18 .18 .18 .15 .15 .15
TSAA .54 .54 .55 .45 .45 .45
Isoleucine .63 .63 .63 .46 .46 .46
Valine .72 .73 .73 .55 .55 .56
Calcium .55 .55 .54 .54 .55 .57
Phosphorus .45 .45 .45 .45 .45 .45
ME. kcal/kg 3482 3443 3405 3479 3439 3399
NE. kcal/kg 2650 2617 2584 2650 2617 2584
'Diet formulation and calculated diet composition are based on actual amino 
acid analysis of com and soybean meal.
‘Vitamin premix provided the following per kilogram of diet* vitamin A, 2,150 
IU; vitamin D3l 645 IU; vitamin E, 10 IU; vitamin B12, 11 mg; riboflavin, 1.8 mg; 
niacin, 11 mg; Pantothenic acid, 6.5 mg; and menadione, 1.4 mg. The sources 
are proprietary.
'Mineral premix provided the following per kilogram of diet: manganese, 178 
mg; zinc, 318 mg; iron, 276 mg; copper, 5.6 mg; and iodine, 1.1 mg; and 
selenium, .3 mg. The sources are proprietary.
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organs were removed and weighed. The small intestine was stripped of its 
contents and the large intestine and stomach were rinsed. Hot carcass weight 
(HCW) was determined immediately after slaughter. Following a 24 hr chill at 
2°C, psoas muscle weight, tenth rib fat thickness (TRF), longissimus muscle 
area (LMA, by tracing the longissimus muscle surface at the tenth rib), and 
carcass length were obtained. Percentage muscle was calculated according to 
the NPPC (1991) equation for ribbed carcasses containing 5% fat when 
carcass weight is not held constant
At the termination of Exp. 3, all gilts were slaughtered at a commercial 
facility. The left side of three carcasses per pen was sent to the Louisiana 
State University Meat Laboratory for the collection of carcass data. Because 
27 carcasses were unidentifiable upon arrival at Louisiana State University, 
means of the carcass data were represented by only one (15.5% CP, 2,650 
NE, replicate 1; 15.5% CP, 2,584 NE, replicates 1 and 9; 11.7% CP, 2,650 NE, 
replicate 9) or two (15.5% CP, 2,650 NE, replicates 3,6, 7, 8, and 9; 15.5% CP, 
2,617 NE, replicates 4 and 5; 15.5% CP, 2,584 NE, replicates 3 and 4; 11.7% 
CP, 2,650 NE, replicates 4,6, and 8; 11.7% CP, 2,617 NE, replicate 9; 11.7% 
CP, 2,584 NE, replicates 1,2,6, 7,8, and 9) carcasses in some pens. Cold 
carcass side weight (CCW), untrimmed longissimus weight, trimmed 
longissimus weight, untrimmed ham weight, psoas muscle weight, LMA, TRF, 
and loin color, firmness, and marbling score (NPPC, 1991) were obtained.
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Percentage muscle (NPPC, 1991) was calculated in the same manner as in 
Exp. 1 and 2.
The carcasses remaining at the commercial plant were weighed and a 
Fat-O-Meter was used to determine longissimus muscle depth and longissimus 
fat depth at the tenth rib. Estimated percentage lean was obtained using these 
measurements. For these data, the individual pig was the experimental unit. 
Treatment identity was maintained by shipping pigs from each treatment 
separately, but pen identity was lost
For all experiments, fat-free lean (FFLEAN) and total fat (TOFAT) were 
obtained by total body electrical conductivity (TOBEC) methods (Calkins et al., 
1993; Higbie, 1997). The FFLEAN and TOFAT were calculated based on data 
from Higbie (1997). The equations used to calculate FFLEAN and TOFAT 
contain the available response variables that best predict either FFLEAN or 
TOFAT. Cold (following a 24 hr chill at 2°C) side carcass TOBEC scans were 
used to obtain FFLEAN and TOFAT. The FFLEAN was calculated as [7.005 + 
(8.938*psoas muscle weight) + (.151 TOBEC scan peak) - (.520*carcass 
temperature)] (R2=.93) and TOFAT was calculated as [-9.528 + (1.181*TRF) + 
(.660*cold carcass side weight) - (.132TOBEC scan peak) + (.465*carcass 
temperature)] (R2=.90). Initial FFLEAN and initial TOFAT of the experimental 
pigs were obtained from regression analysis of FFLEAN and TOFAT (from 
initial group of slaughter pigs) on BW. Percentage FFLEAN (PFFLEAN) was 
calculated as [(FFLEAN/HCW)*100] or [(FFLEAN/(CCW*2))*100] (Exp. 3) and
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percentage TOFAT (PTOFAT) was calculated as [(TOFAT/HCW)*100] or 
[(TOFAT/(CCW*2))*100] (Exp. 3). Also, in Exp. 3, fat-free lean in the ham 
(HLEAN) and total fat in the ham (HTOFAT) were obtained by TOBEC. Cold 
ham TOBEC scans were used to obtain HLEAN and HTOFAT. The HLEAN 
was calculated as [2.700 + (.112*TOBEC scan peak)] (R2=.93) and HTOFAT 
was calculated as [-2.189 - (.102*TOBEC scan peak) + (.765*ham weight)] 
(R2=.74) (Higbie, 1997). Percentage HLEAN (PHLEAN) was calculated as 
[(HLEAN/ham weight)*100] and percentage HTOFAT (PHTOFAT) was 
calculated as [(HTOFAT/ham weight)*100],
Energy retained in FFLEAN as protein (RE-P) and energy retained in 
TOFAT as ether extractable lipid (RE-F) were calculated based on values of 
5.66 Mcal/kg and 9.46 Mcal/kg, respectively (ARC, 1981). The amount of 
protein in FFLEAN was estimated to be 20.22%, and the amount of ether 
extractable lipid in TOFAT was estimated to be 73.31% (Higbie, 1997); these 
values are similar to those of Johnson et al. (1990a,b).
Statistical Analysis
Data from each experiment were analyzed by analysis of variance 
procedures (Steel and Torrie, 1980) appropriate for RCB. In Exp. 1 and 2, 
means were separated by the least significant difference procedure. Individual 
pig final BW was used as a covariate for leaf fat weight, psoas muscle weight, 
TRF, LMA, carcass length, and organ weights for each pig. The individual 
initial SUN was used as a covariate for the final SUN for each pig. Treatment x
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replication was the error term used to test the effect of treatment In Exp. 3, NE 
effects were evaluated by linear and quadratic contrasts and individual gilt data 
were used for the carcass data collected at the commercial facility.
Results
Experiment 1
There were no treatment effects (P>.10) for ADG, ADFI, GF, or final BW 
(Table 6.4). Barrows fed C-SBM had higher (P<.10) final SUN than barrows 
fed any other treatment diet
Barrows fed CAA+RH had lower HCW (P<.10) than barrows fed C-SBM 
or CAA+RH+OIL, as well as smaller LMA (P<.10) than barrows fed any other 
diet (Table 6.5). Also, barrows fed CAA+RH had a lower (P<.10) percentage 
muscle than barrows fed C-SBM. Barrows fed C-SBM had higher dressing 
percentage than barrows fed any other diet (P<.10). However, there were no 
treatment effects (P>.10) for leaf fat weight, psoas muscle weight, or TRF.
Barrows fed CAA+RH had less FFLEAN (P<.10) than barrows fed C- 
SBM or CAA+RH+OIL. Furthermore, barrows fed CAA or CAA+RH had lower 
(P<.10) lean gain per day (LGD) and RE-P than barrows fed C-SBM (Table 
6.5). Barrows fed C-SBM had lower (P<.10) PTOFAT than barrows fed any 
other diet, a lower (P<.10) TOFAT than barrows fed CAA and a higher (P<10) 
lean:fat ratio than barrows fed CAA or CAA+RH. There were no treatment 
effects (P>.10) for PFFLEAN, fat gain per day (FGD), RE-F, or retained energy 
(RE; RE-P + RE-F).
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Table 6.4. Growth performance and serum urea N of finishing pigs fed low
crude protein, crystalline amino acid-supplemented diets with added dietary
fiber (Exp. 1 )*___________________________________________________
Treatment
Item C-SBM CAA CAA+RH CAA+RH+OIL SEM
ADG, kg .75 .75 .69 .74 .03
ADFI, kg 3.28 3.17 3.04 2.95 .15
Gain:feed .23 .24 .23 .25 .01
FW, kg 117.2 117.6 114.0 119.2 2.0
SUNF. mmol/Lb 7.87e 2.68“ 2.75“ 2.54“ .24
'Data are means of four replicates of four pigs each per treatment for ADG, 
ADFI, GF, and final BW. Initial BW was 74 kg. FW = final BW; SUNF = final 
serum urea N.
bSerum urea N data are means of 16 pigs per treatment. Individual pig SUN 
values were used and initial SUN was used as a covariate for SUNF. Initial 
SUN = 9.81 mmol/L.
““Means within a row with different superscripts differ (P<.10).
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Table 6.5. Carcass characteristics, lean and fat accretion, and energy 
retention of finishing pigs fed low crude protein, crystalline amino acid- 
supplemented diets with added dietary fiber (Exp. 1)**____________
Treatment
Item C-SBM CAA CAA+RH CAA+RH+OIL SEM
HCW, kg 88.5C 87.5* 84.6d 88.6* 1.5
DP, % 75.7C 74.4d 74.2d 74.3d .4
Leaf fat, g 1,616.3 1,757.8 1,606.3 1,675.3 105.4
TRF, cm 2.52 2.69 2.75 2.70 .10
LMA, cm2 38.9* 37.6* 36.1d 37.8* .6
PM, % 49.9° 48.9cd 48.5d 48.8* .5
Psoas weight, g 502.8 486.4 481.0 500.0 14.9
Carcass length, cm 81.9* 83.1* 82.4* 82.0* .5
FFLEAN, kg 38.5e 37.3* 36.2“ 38.7* .7
PFFLEAN, % 43.5 42.7 42.8 43.8 .5
LGD, g 175.1* 148.4* 131.6* 158.2* 10.3
TOFAT, kg 30.5d 32.6* 31.2* 32.4* .7
PTOFAT, % 34.5d 37.3* 36.9* 36.5* .6
FGD, g 326.4 357.3 334.1 344.8 12.5
RE-P, Meal 11.94* 10.04d 8.92d 10.75* .75
RE-F, Meal 134.8 147.1 138.2 141.8 5.1
RE, Meal 146.7 157.1 147.1 152.6 5.6
Lean:fat 1.27* 1.16d 1.18d 1.21* .02
(table con’d.)
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•Data are means of 15 (C-SBM) or 16 (CAA, CAA+RH, CAA+RH+OIL) pigs per 
treatment Initial and final BW were 74 and 117 kg, respectively. Final BW 
was used as a covariate for leaf fat weight, psoas muscle weight, TRF, LMA, 
carcass length, and organ weights. HCW = hot carcass weight; DP = dressing 
percentage; TRF = tenth rib fat thickness; LMA = longissimus muscle area; PM 
= percentage muscle; FFLEAN = final fat free lean; PFFLEAN = percentage fat 
free lean; LGD = lean gain per day; TOFAT = final total fat; PTOFAT= 
percentage total fat; FGD = fat gain per day; RE-P = retained energy in 
FFLEAN as protein; RE-F = retained energy in TOFAT as ether extractable 
lipid; RE = total retained energy (RE-P + RE-F).
"Initial FFLEAN = 28.6 kg; initial TOFAT =11.4 kg; initial carcass energy in 
initial FFLEAN as protein = 32.7 Meal; initial carcass energy in initial TOFAT as 
ether extractable lipid = 79.3 Meal; initial total carcass energy = 112.0 Meal; 
final carcass energy in FFLEAN as protein = 43.1 Meal; final carcass energy in 
TOFAT as ether extractable lipid = 219.8 Meal; final total carcass energy = 
262.9 Meal.
'"‘•Means within a row with different superscripts differ (P<10).
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Treatment effects were not observed for weights or energy expenditures 
of heart, liver, lungs, pancreas, spleen, or empty gut (Table 6.6). Kidney 
weights were smaller (P<.10) for barrows fed CAA+RH than for barrows fed 
CAA+RH+OIL, however energy expenditure of the kidney was not affected 
(P>.10) by treatment.
Experiment 2
There were no treatment effects (P>.10) for ADG, ADFI, GF, or final BW 
(Table 6.7). Gilts fed C-SBM had higher (P<.10) final SUN than gilts fed any 
other treatment diet
There were no treatment effects (P>.10) for HCW, leaf fat weight, psoas 
muscle weight, TRF, LMA, percentage muscle, carcass length, or dressing 
percentage (Table 6.8). Furthermore, there were no treatment effects (P>.10) 
for lean and fat composition of the carcass. Gilts fed CAA+WM+FAT had 
heavier (P<.10) heart weights than gilts fed C-SBM or CAA, as well as, a higher 
energy expenditure of the heart than pigs fed any other diet (Table 6.9). 
However, there were no treatment effects (P>.10) for weights or energy 
expenditures of liver, lungs, pancreas, spleen, kidney, or empty gut.
Experiment 3
Gilts fed 15.5% CP had higher (P<.01) GF than gilts fed 11.7% CP 
(Table 6.10). There were no CP or NE effects (P>.10) for ADG, ADFI, or final 
BW. Also, there were no CP or NE effects (P>.10) observed for CCW, psoas 
weight, TRF, LMA, PM, untrimmed longissimus weight, trimmed longissimus
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Table 6.6. Organ weights and energy expenditures of finishing pigs fed low
crude protein, crystalline amino acid-supplemented diets with added dietary
fiber (Exp. 1)*____________________ ______________________________
Treatment
Oraan C-SBM CAA CAA+RH CAA+RH+OIL SEM
Pancreas, g 138.5 126.8 130.2 132.5 7.4
Spleen, g 188.4 172.6 178.6 169.9 11.5
Empty gut with 
stomach, g 3,684 3,490 3,565 3,719 93.9
PDV, kcal/d 1,245 1,179 1,188 1,252 36.6
Liver, g 1,450 1,479 1,464 1,477 40.9
kcal/d 1,243 1,273 1,235 1,282 47.9
Heart, g 371.9 381.3 372.2 386.8 9.7
kcal/d 552.6 568.3 546.0 580.3 18.0
Lungs, g 754.1 771.4 751.3 724.4 38.2
kcal/d 138.2 141.2 138.3 132.2 7.0
Kidney, g 146.2** 144.6** 141.4s 147.5b 4.9
kcal/d 662.6 659.9 624.6 682.1 23.2
■Data are means of 15 (C-SBM) or 16 (CAA, CAA+RH, CAA+RH+OIL) pigs per 
treatment. Empty gut weights and PDV energy expenditures are means of 11 
(C-SBM) or 12 (CAA, CAA+RH, CAA+RH+OIL) pigs per treatment. Initial and 
final BW were 74 and 117 kg, respectively. PDV = portal-drained viscera 
(gastrointestinal tract, spleen, and pancreas).
‘"Means within a row with different superscripts differ (P<.10).
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Table 6.7. Growth performance and serum urea N of finishing pigs fed low
crude protein, crystalline amino acid-supplemented diets with added dietary
fiber (Exp. 2 )'___________________
Treatment
Item C-SBM CAA CAA+WM CAA+WM+FAT SEM
ADG, kg .71 .66 .70 .68 .05
ADFI, kg 2.69 2.58 2.71 2.70 .10
Gain:feed .26 .25 .26 .25 .01
FW, kg 101.5 101.0 103.1 103.3 1.9
SUNF, mmol/Lb 6.79* 3.63d 4.35d 4.14d .35
'Data are means of four replicates of four pigs each per treatment for ADG, 
ADFI, GF, and final BW. Initial BW was 74 kg. FW *  final BW; SUNF = final 
serum urea N.
“Serum urea N data are means of 16 pigs per treatment Individual pig SUN 
values were used and initial SUN was used as a covariate for SUNF. Initial 
SUN = 7.67 mmol/L.
' ‘‘Means within a row with different superscripts differ (P<.10).
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Table 6.8. Carcass characteristics, lean and fat accretion, and energy 
retention of finishing pigs fed low crude protein, crystalline amino acid" 
supplemented diets with added dietary fiber (Exp. 2)"*____________
Treatment
Item C-SBM CAA CAA+WM CAA+WM+FAT SEM
HCW, kg 75.9 75.9 77.7 77.1 1.9
DP, % 74.7 74.9 75.7 75.3 .5
Leaf fat, g 901.8 846.1 935.9 803.9 75.5
TRF, cm 1.47 1.46 1.52 1.33 .08
LMA, cm2 40.7 38.4 39.7 40.1 1.3
PM, % 56.2 55.8 55.5 56.3 1.1
Psoas weight, g 450.3 450.2 464.8 446.5 13.9
Carcass length,
CMCD1̂ 78.5 78.2 78.8 .6
FFLEAN, kg 38.2 38.1 39.2 39.1 1.1
PFFLEAN, % 50.2 50.1 50.3 51.1 1.1
LGD.g 240.6 217.7 233.4 238.6 31.0
TOFAT, kg 19.5 19.9 20.3 19.3 1.5
PTOFAT, % 25.7 25.7 25.9 25.0 1.6
FGD.g 197.8 204.7 210.9 176.8 34.1
RE-P, Meal 10.98 10.33 11.53 11.35 1.28
RE-F, Meal 57.9 57.1 60.0 52.8 9.7
RE, Meal 68.9 67.4 71.5 64.2 9.7
Leamfat 1.98 2.08 2.05 2.05 .19
(table con'd.)
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'Data are means of 12 pigs per treatment for conventional carcass 
measurements, and means of 11 (CAA+WM+FAT) or 12 pigs per treatment for 
lean and fat accretion and retained energy data. Initial and final BW were 74 
and 102 kg, respectively. Final BW was used as a covariate for leaf fat weight, 
psoas muscle weight, carcass length, average backfat, and organ weights. 
Percentage muscle was calculated according to NPPC (1991). HCW = hot 
carcass weight; DP = dressing percentage; TRF = tenth rib fat thickness; LMA 
= longissimus muscle area; PM = percentage muscle; FFLEAN = final fat-free 
lean; PFFLEAN = percentage fat-free lean; LGD = lean gain per day; Table 8. 
TOFAT = final total fat; PTOFAT= percentage total fat; FGD = fat gain per day; 
RE-P = retained energy in FFLEAN as protein; RE-F = retained energy in 
TOFAT as ether extractable lipid; RE *  total retained energy (RE-P + RE-F). 
in itia l FFLEAN = 29.0 kg; initial TOFAT = 11.5 kg; initial carcass energy in 
initial FFLEAN as protein = 33.2 Meal; initial carcass energy in initial TOFAT as 
ether extractable lipid = 80.1 Meal; initial total carcass energy = 113.3 Meal; 
final carcass energy in FFLEAN as protein = 44.2 Meal; final carcass energy in 
TOFAT as ether extractable lipid = 137.0 Meal; final total carcass energy =
181.3 Meal.
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Table 6.9. Organ weights and energy expenditures of finishing pigs fed low
crude protein, crystalline amino acid-supplemented diets with added dietary
fiber (Exp. 2)»___________________
Treatment
Oraan C-SBM CAA CAA+WM CAA+WM+FAT SEM
Pancreas, g 133.9 121.5 119.0 120.3 6.4
Spleen, g 
Empty gut with
192.9 192.3 175.7 170.5 13.6
stomach, g 2,998 2,908 2,870 2,979 68.5
PDV, kcal/d 1022 988 980 1012 35.9
Liver, g 1,421 1,366 1,391 1,395 44.3
kcal/d 1022 981 1007 1009 40.4
Heart, g 338.4e 335.8* 344.4** 367.4* 10.2
kcal/d 453.7* 448.8* 466.2* 496.8* 11.4
Lungs, g 1,110 1,162 1,204 1,173 50.5
kcal/d 114.1 119.5 123.3 120.2 5.3
Kidney, g 153.7 153.2 160.4 162.7 6.1
kcal/d 544.7 541.4 573.2 580.9 23.1
•Data are means of 12 pigs per treatment Initial and final BW were 74 and 102 
kg, respectively. PDV = portal drained viscera (gastrointestinal tract, spleen, 
and pancreas).
‘"Means within a row with different superscripts differ (P<.10).
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Table 6.10. Growth performance of finishing pigs fed two levels of CP and
three levels of NE (Exp. 3)*_______________________________________
15.5% CP 11.7% CP
NE. kcal/kg
Item 2650 2617 2584 2650 2617 2584 SEM
ADG, kg .82 .81 .80 .79 .79 .80 .01
ADFI, kg 2.18 2.11 2.18 2.23 2.18 2.24 .05
Gain:feedb .38 .38 .37 .35 .36 .36 .01
FW, kg 111.2 111.1 110.8 109.3 110.0 110.6 .8
‘Data are means of nine replicates of 13 pigs each per treatment. Initial BW
was 70 kg. FW = final BW.
bCP effect (P<.01); NE quadratic effect (P<.10).
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weight, untrimmed ham weight, or loin firmness and marbling score (Table 
6.11). Loin color score increased as NE decreased in treatment diets (linear, 
P<.06). There were no CP or NE effects (P>,10) observed for FFLEAN, 
PFFLEAN, LGD, TOFAT, PTOFAT, FGD, RE-P, RE-F, RE, leanrfat, HLEAN, 
PHLEAN, HTOFAT, or PHTOFAT (Table 6.12).
For the carcass data obtained at a commercial facility (Table 6.13), gilts 
fed 15.5% CP had greater (P<.09) longissimus depth than gilts fed 11.7% CP. 
Also, there was a CP x NE interaction (P<.01) present for longissimus depth. 
Longissimus depth increased as NE decreased in treatment diets for gilts fed 
15.5% CP, whereas longissimus depth decreased as NE decreased in 
treatment diets for gilts fed 11.7% CP (linear, P<.04). Longissimus fat depth 
was increased by the lowest level of NE (NE quadratic effect, P<.09).
Discussion
A considerable amount of research has been conducted to determine 
the effect of reducing the crude protein content of growing and/or finishing pig 
diets and then supplementing them with essential amino acids (in the 
crystalline form) to meet the pig’s requirements or to meet ideal amino acid 
ratios. Diets have been reduced by 2 to 6 percentage units of CP and 
supplemented with one or more crystalline amino acids (L-lysine*HCI, L- 
threonine, L-tryptophan, DL-methionine, L-isoleucine, L-valine). Growing 
and/or finishing pigs can be fed diets reduced by 2 percentage units of CP and 
supplemented only with crystalline lysine without hindering growth performance
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Table 6.11. Carcass characteristics of finishing pigs fed two levels of CP and
three levels of NE (Exp. 3)‘_________________________________________
15.5% CP 11.7% CP
NE. kcal/kg
Item 2650 2617 2584 2650 2617 2584 SEM
CCW, kg 41.5 40.1 40.5 40.0 39.4 40.2 1.0
TRF, cm 2.60 2.46 2.38 2.66 2.23 2.67 .24
LMA, cm2 43.9 42.8 42.1 42.5 43.1 40.7 2.1
PM, % 51.5 52.2 52.0 51.3 53.3 50.5 1.5
Psoas
weight, g 512.1 491.4 480.3 473.2 484.3 493.9 18.5
Untrimmed longissimus 
weight, kg 10.26 10.12 10.17 10.30 9.94 10.38 .33
Trimmed longissimus 
weight, kg 8.24 8.11 8.18 8.39 8.06 8.31 .27
Untrimmed ham 
weight, kg 10.08 9.90 10.10 9.94 9.70 9.56 .26
Loin color1* 2.00 1.78 2.11 1.61 1.83 2.11 .15
Loin firmness 2.11 2.06 2.06 2.17 2.11 2.22 .16
Loin marbling 2.28 1.94 2.00 2.00 2.00 1.89 .19
'Data are means of nine replicates of one, two, or three pigs each per 
treatment. Initial and final BW were 70 and 110 kg, respectively. CCW = cold 
carcass side weight; TRF = tenth rib fat thickness; LMA = longissimus muscle 
area; PM = percentage muscle. 
bNE linear effect (P<.06).
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Table 6.12. Lean and fat accretion and energy retention of finishing pigs fed
two levels of CP and three levels of NE (Exp. 3)"-*______________________
15.5% CP   11.7% CP _____
NE, kcal/kg
Item 2650 2617 2584 2650 2617 2584 SEM
FFLEAN, kg 38.0 37.2 37.5 36.7 37.0 37.1 1.1
PFFLEAN, % 45.8 46.5 46.2 46.0 47.0 46.3 1.0
LGD, g 165.6 148.7 152.9 140.9 145.1 146.7 23.1
TOFAT, kg 29.0 27.2 27.1 27.7 25.8 27.9 1.2
PTOFAT, % 34.9 33.8 33.5 34.5 32.7 34.6 1.2
FGD.g 358.9 320.8 319.1 333.9 293.3 335.3 25.5
RE-P, Meal 9.29 8.34 8.57 7.90 8.14 8.23 1.29
RE-F, Meal 122.0 109.0 108.4 113.5 99.7 113.9 8.7
RE, Meal 131.2 117.3 117.0 121.4 107.8 122.2 8.7
Leamfat 1.35 1.43 1.39 1.34 1.47 1.35 .08
HLEAN, kg 6.25 6.22 6.43 6.28 6.18 6.05 .19
PHLEAN, % 62.0 62.8 63.6 63.2 63.6 63.2 .9
HTOFAT, kg 2.55 2.44 2.42 2.42 2.32 2.33 .09
PHTOFAT. % 25.3 24.7 24.0 24.3 24.0 24.4 .7
"Data are means of nine replicates of one, two, or three pigs each per 
treatment Initial and final BW were 70 and 110 kg, respectively. FFLEAN = 
final fat free lean; PFFLEAN = percentage fat free lean; LGD = lean gain per 
day; TOFAT *  final total fat; PTOFAT= percentage total fat; FGD = fat gain per 
day; RE-P = retained energy in FFLEAN as protein; RE-F = retained energy in 
TOFAT as ether extractable lipid; RE = total retained energy (RE-P + RE-F); 
HLEAN = fat-free lean in the ham; PHLEAN = percentage fat-free lean in the 
ham; HTOFAT = total fat in the ham; PHTOFAT = percentage total fat in the 
ham.
(table con’d.)
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^Initial FFLEAN = 29.9 kg; initial TOFAT *11.4 kg; initial carcass energy in 
initial FFLEAN as protein *  34.2 Meal; initial carcass energy in initial TOFAT as 
ether extractable lipid = 79.3 Meal; initial total carcass energy = 113.5 Meal; 
final carcass energy in FFLEAN as protein *  42.6 Meal; final carcass energy in 
TOFAT as ether extractable lipid *  190.4 Meal; final total carcass energy = 
233.0 Meal.
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Table 6.13. Carcass characteristics of finishing pigs fed two levels of CP and
three levels of NE and slaughtered at a commercial facility (Exp. 3)*________
15.5% CP 11.7% CP
NE. kcal/kg
Item 2650 2617 2584 2650 2617 2584 SEM
n 74 67 80 75 76 71
HCW, kg 82.5 83.5 82.5 81.8 82.0 81.1 .9
Longissimus 
depth, cmb 5.61 5.68 5.65 5.77 5.43 5.42 .07
Longissimus fat 
depth, cmc 2.29 2.26 2.40 2.31 2.21 2.27 .06
Estimated 
lean, % 51.6 51.9 51.0 51.8 51.9 51.5 .4
‘ Individual pig data were used. Initial and final BW were 70 and 110 kg, 
respectively. HCW = hot carcass weight.
bCP effect (P<.09); NE linear effect (P<.04); CP x NE effect (P< 01).
CNE quadratic effect (P<.09).
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(Easter and Baker, 1980; Kerretal., 1983). Furthermore, Fuller e ta l. (1984) 
reported that growing (17 to 75 kg BW) pigs fed diets reduced by an additional 
percentage unit of CP (3% CP) did not have reduced daily gain or feed 
efficiency. In contrast, Kerr et al. (1983) observed a depressed growth rate in 
growing-finishing pigs fed a diet reduced in CP (2.5% CP) and supplemented 
only with lysine; whereas, BW gains were not depressed in growing pigs fed 
diets reduced by 2.5 percentage units of CP and supplemented with lysine and 
tryptophan (Noblet et al., 1987). Also, growth performance is not affected when 
finishing pigs are fed diets reduced by 2 percentage units of CP and 
supplemented with lysine, threonine, and tryptophan (Tuitoek, 1997b).
Greater discrepancies in the literature occur when finishing pig diets are 
reduced by 3 or more percentage units of CP. Stahly et al. (1981) and Kerr et 
al. (1995) reported that growth performance of growing-finishing pigs fed diets 
reduced in CP by 3 to 4 percentage units, and supplemented with lysine (to 
meet the pigs’ requirement) or lysine, threonine, and tryptophan (to meet an 
ideal amino acid ratio), respectively, was not adversely affected by diet. In 
addition, growth performance was not affected in finishing pigs fed diets 
reduced by 3.5 to 4 percentage units of CP and supplemented with amino acids 
(to meet an ideal amino acid ratio; Lopez et al., 1994; Hahn et al., 1995). In 
contrast, Tuitoek et al. (1997b) observed reduced ADG and poorer feed 
efficiency in pigs fed diets reduced by 4 percentage units of CP with crystalline 
amino acids (L-lysine*HCI, L-threonine, L-tryptophan, L-isoleucine, L-valine)
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added to meet an ideal amino acid ratio. Reduced gain and feed efficiency 
also have been reported for pigs fed diets reduced by 5 percentage units of CP 
and supplemented with lysine, threonine, tryptophan, and methionine (Yu et al., 
1991). Thus, the growth response of growing-finishing pigs fed low crude 
protein, crystalline amino acid-supplemented diets may vary in response to the 
level of CP reduction in the diet, the crystalline amino acids that are 
supplemented to the diet, and the means in which amino acids are 
supplemented to the diet (i.e., to meet requirements or to meet an ideal amino 
acid ratio).
For our data, the growth performance of pigs fed low CP, crystalline 
amino acid-supplemented diets (with or without reduced NE) was similar to pigs 
fed C-SBM (Exp. 1 and 2). These results are in agreement with Kerr et al. 
(1987), Noblet et al. (1987), Kerr et al. (1995), and Cromwell et al. (1996). Kerr 
et al. (1995) reported that com-soybean meal diets could be reduced by 4 
percentage units of CP and supplemented with crystalline amino acids without 
adversely affecting growth performance. Thus, our results were expected. 
However, in Exp. 3, GF was reduced when pigs were fed low CP, crystalline 
amino acid-supplemented diets. This reduction in GF was due to a numerical 
decrease in ADG along with a numerical increase in ADFI for gilts fed 11.7%
CP compared with gilts fed 15.5% CP. Tuitoek et al. (1997b) also reported 
reduced ADG and feed efficiency of finishing pigs fed diets with reduced CP
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(4% CP) and crystalline amino acids supplemented to meet an ideal amino acid 
ratio.
The carcass characteristics and body composition of finishing pigs fed 
reduced CP, crystalline amino acid-supplemented diets also varies within the 
literature. Easter and Baker (1980) and Kerr et al. (1983) did not observe any 
detrimental effects for fatness traits when pigs were fed diets reduced by 2 to 
2.5 percentage units of CP and supplemented only with lysine. However, LMA 
was decreased for growing-finishing pigs fed diets reduced by 2.5 percentage 
units of CP and supplemented only with lysine (Kerr et al., 1983), and backfat 
tended to increase for growing pigs fed diets reduced by 3 percentage units of 
CP (with only added lysine; Fuller et al., 1984). Finishing pigs fed low CP (3.5 
to 5% CP) diets with crystalline amino acids supplemented to obtain the levels 
in the control diet (i.e., the diet without reduced CP) have increased backfat 
and TRF (Kerr et al., 1995), as well as increased retained energy (Kerr and 
Easter, 1995). Tuitoek et al. (1997b; 4% CP) and Yu et al. (1991; 5% CP) 
observed increased fat content in the carcass and increased backfat, 
respectively, in finishing pigs fed reduced CP diets with amino acids added to 
meet an ideal amino acid ratio. However, Lopez et al. (1994) and Hahn et al.
(1995) reported that pigs fed reduced CP (3.5 to 4%) diets supplemented with 
crystalline amino acids to meet an ideal amino acid ratio had similar carcass 
characteristics (backfat, LMA) as pigs fed diets with a CP content at their 
requirement.
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Therefore, because indications of increased fatness (backfat, retained 
energy) were observed when low CP diets were fortified with crystalline amino 
acids to obtain the level of amino acids in the control diet (Kerr et al., 1983;
Kerr and Easter, 1995), but not when these diets were fortified with amino acids 
on an ideal amino acid ratio basis (Lopez et al., 1994; Hahn et al., 1995), the 
means in which amino acids are supplemented may be a factor that causes 
discrepancies in carcass characteristic data (especially fatness) of finishing 
pigs fed low CP, crystalline amino acid-supplemented diets. As mentioned 
earlier, increased fat within the carcass or increased backfat also was 
observed in pigs fed low CP diets with crystalline amino acids supplemented to 
meet an ideal amino acid ratio (Yu et al., 1991; Tuitoek et al., 1997a).
However, these latter reports differed from the previous reports in that there 
was a greater reduction of CP in the treatment diets (Yu et al., 1991) or the 
crystalline amino acids were added to meet a higher ideal ratio of amino acids 
(Tuitoek et al., 1997a). Consequently, it seems as though finishing pigs fed 
diets reduced by 3.5 to 4 percentage units of CP and supplemented to meet an 
ideal amino acid ratio similar to that of Baker (1994) do not have increased fat.
In our data, carcass characteristics, as well as lean and fat composition 
of the carcasses, were similar among pigs fed the different treatment diets in 
each experiment A great deal of recent research has reported that feeding low 
CP, crystalline amino acid-supplemented diets results in increased fatness 
traits of finishing pigs (Noblet et al., 1987; Lewis, 1989; Schoenherr, 1992;
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Chewning et al., 1995; Kerr et alM 1995; Cromwell et alM 1996). Thus, the 
results of our experiments (TRF, leaf fat weight, TOFAT, PTOFAT (Exp. 2 and 
3), FGD, FRE, or RE were not increased) were unexpected, but are in 
agreement with Hahn et al. (1995) and Lopez et al. (1994). Also, in our 
experiments, as well as in those of Hahn et al. (1995) and Lopez et al. (1994), 
amino acid additions were made to meet the ratio of Baker (1994) or a similar 
ratio. Nonetheless, trends in our data do indicate that pigs fed the low CP, 
crystalline amino acid-supplemented diets have numerically higher fatness 
traits (TRF or FGD). In Exp. 1, barrows fed CAA, CAA+RH, or CAA+RH+OIL 
had a higher PTOFAT than barrows fed C-SBM. This response is in agreement 
with previous reports in the literature, which indicate that pigs fed reduced CP, 
crystalline amino acid-supplemented diets have increased fat.
The trends for increased fatness in pigs fed low CP, crystalline amino 
acid-supplemented diets are more apparent for barrows (Exp. 1) than for gilts 
(Exp. 2). Kerr et al. (1995) and Kerr and Easter (1995) reported increased 
backfat and retained energy, respectively, in barrows fed low CP (-3.5 to 4% 
CP), crystalline amino acid-supplemented diets, and Lopez et al. (1994; -4% 
CP) reported no effect of low CP, crystalline amino acid-supplemented diets on 
fatness in gilts. However, Tuitoek et al. (1997a; -4% CP) reported trends for 
increased fatness in gilts and Chewning et al. (1995) reported increased 
fatness in gilts fed these diets. Also, for barrow and gilt data combined, 
increased fatness was not reported by Easter and Baker (1980; -2.5% CP) and
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Hahn et al. (1995; -3.5% CP), whereas, increased fatness or a trend for 
increased fatness was reported by Stahly et al. (1981; -4.2% CP), Fuller et al. 
(1984; -3% CP), Schoenherr (1992), and Cromwell et al. (1996; -4% CP).
Thus, even though trends for increased fatness of pigs fed low CP, crystalline 
amino acid-supplemented diets were greater in barrows than in gilts in the data 
reported herein, the reports in the literature are not consistent.
Furthermore, muscling traits and lean composition of the carcasses also 
were similar among pigs, which is in agreement with Noblet et al. (1987), 
Chewning et al. (1995), Hahn et al. (1995), Kerr et al. (1995), Miller et al.
(1996), and Tuitoek et al. (1997a). Generally, muscling traits are not affected 
(or reduced) in finishing pigs fed low CP, crystalline amino acid-supplemented 
diets.
Serum urea N concentration was reduced by feeding pigs low CP, 
crystalline amino acid-supplemented diets in Exp. 1 and 2. Lopez et al. (1994), 
Kerr and Easter (1995), Ward and Southern (1995), and Miller et al. (1996) 
also have reported reduced urea N concentrations in pigs fed low CP, 
crystalline amino acid-supplemented diets compared to pigs fed diets in which 
amino acids are provided entirely from intact protein sources. This reduction in 
SUN concentration indicates that the quantity of excess amino acids was lower 
in the low CP, crystalline amino acid-supplemented diets compared to the C- 
SBM diet. Therefore, these pigs should be excreting less N which in turn will 
result in less N as a pollutant produced by pigs, especially when pigs are
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
106
produced in confined and concentrated conditions. Also, pigs fed these low 
CP, crystalline amino acid-supplemented diets should be utilizing dietary 
protein more efficiently than pigs fed typical finishing pig diets (i.e., excretion of 
less excess dispensable amino acid N from the expensive protein source).
In Exp. 1 and 2, the inclusion of dietary fiber in treatment diets did not 
reduce fatness of pigs as shown by previous reports in the literature (Pond et 
al., 1988,1989). Pond et al. (1988,1989) included dietary fiber at 40 to 80% of 
the diet and Baird et al. (1970) included dietary fiber at 13 to 31% of the diet, 
and in these reports, gain and feed efficiency were reduced by the inclusion of 
dietary fiber. In the experiments reported herein, gain, feed efficiency, and fat 
were not affected by the inclusion of 3 to 4% dietary fiber. Therefore, the 
inclusion rate of dietary fiber may not have been great enough to elicit the 
energy diluting effect of fiber. Also, in Exp. 1, the pigs fed CAA+RH had lower 
HCW, LMA, PM, DP, FFLEAN, LGD, PRE, and leamfat ratio than pigs fed C- 
SBM. These results were not expected since Taverner (1975) and King and 
Taverner (1975) did not observe any detrimental effects of rice hulls when pigs 
were fed diets containing 8 to 17% rice hulls.
Weights of organs were not affected by dietary treatment (except Exp. 1, 
kidney; Exp. 2, heart). The weight of visceral organs has been reported to be 
directly related to heat production (Ferrell, 1988); thus as the weight of visceral 
organs increase, the animal's heat production also increases. Koong et al. 
(1982,1983,1985) have reported that animals on a high plane of nutrition have
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heavier weights of organs and a higher heat production than animals on a low 
plane of nutrition. Consequently, pigs which have higher heat production 
should have less energy available for fat synthesis (Lopez et al., 1994). Kerr et 
al. (1987) and Noblet et al. (1987) reported that pigs fed low CP, crystalline 
amino acid-supplemented diets had lower heat production than pigs fed high 
CP diets, and thus, pigs fed low CP, crystalline amino acid-supplemented diets 
should have more energy available for fat synthesis. Kerr et al. (1995) 
observed reduced liver and kidney weights (for pigs fed low CP, crystalline 
amino acid-supplemented diets), which indicates that more energy was 
available for the animal to synthesize fat. Noblet et al. (1987) also observed 
reduced total organ weight (stomach, intestine, bladder, heart, lungs, liver, 
spleen, and kidneys) in pigs fed low CP, crystalline amino acid-supplemented 
diets. Therefore, as reflected by the lack of treatment effects for fat deposition, 
organ weights, or organ energy expenditures, pigs fed CAA in Exp. 1 and 2 
may have had similar heat production as pigs fed C-SBM. These results were 
not expected and are in disagreement with previous reports in the literature 
(Kerr et al., 1987,1995; Noblet etal., 1987).
In Exp. 1 and 2, pancreas weight was numerically decreased in pigs fed 
the low CP, crystalline amino acid-supplemented diets. Pancreas weight was 
reduced (P<.10) in gilts fed low CP, crystalline amino acid-supplemented diets 
in Exp. 2, as determined by single degree of freedom contrast. Ward and 
Southern (1995) also reported reduced pancreas weights in pigs fed low CP,
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
108
crystalline amino acid-supplemented diets, which was probably due to reduced 
pancreatic activity. The reduced pancreas weight and, thus, activity (as 
reflected by reduced SUN concentrations) may indicate a lower energy 
requirement of the pancreas and, ultimately, may be a contributing factor to 
reducing the energy requirement of pigs.
Thus, finishing pigs fed low CP, crystalline amino acid-supplemented 
diets which met an ideal amino acid ratio had similar gain and carcass 
composition as pigs fed diets in which all amino acids were provided from an 
intact protein source. However, there was a trend for increased fatness of pigs 
(especially barrows) fed these diets despite attempts to reduce the NE content 
of the diets.
Implications
In these experiments, the reduction of net energy (either by dietary fiber 
addition or dietary fat removal) in low crude protein, crystalline amino acid- 
supplemented diets had minimal effects on growth performance, carcass 
characteristics, organ weights, and organ energy expenditures of finishing pigs. 
Also, the source of amino acids (intact protein vs. crystalline amino acids) had 
minimal effects on growth performance or carcass characteristics. Therefore, 
finishing pigs can be fed low crude protein (-3.1 to 3.5%), crystalline amino 
acid-supplemented diets without depressing growth performance or muscling 
traits. However, additional research needs to be conducted to determine the
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conditions present when increased fatness occurs (level of crude protein 
reduction, method of amino acid supplementation, or gender).
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CHAPTER VII 
SUMMARY AND CONCLUSIONS 
The urea nitrogen method of determining the lysine requirement of gilts 
and barrows was an efficient method of lysine requirement determination. 
Serum urea nitrogen concentrations generally decreased quadratically as 
lysine level increased in treatment diets, and requirement estimates were 
obtained by broken-line regression models. As was expected, the lysine 
requirement of gilts decreased as age (or body weight) increased. However, 
the lysine requirement of barrows decreased from 20 to 35 kilograms of body 
weight but then remained similar from 35 to 80 kilograms of body weight. Also, 
the lysine requirement of gilts was not higher than the lysine requirement of 
barrows at 50 and 80 kilograms of body weight, which was unexpected.
The optimum ratio of total sulfur amino acids to lysine for growth 
performance and muscling traits of finishing pigs is lower than the current 
proposed ratio of .65. In Exp. 1, lysine requirement estimates were not 
obtained because pigs were fed at or above their required ratio of total sulfur 
amino acids to lysine. In Exp. 2, response variables generally responded in a 
quadratic fashion to increasing ratios of total sulfur amino acids to lysine, and 
requirement estimates were obtained by broken-line regression models. The 
optimum ratio of total sulfur amino acids to lysine, which was based on serum 
urea nitrogen concentrations, average daily gain, average daily feed intake, 
gaimfeed, fat-free lean, lean gain per day, and retained energy in fat-free lean
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as protein, is not greater than .47. However, to minimize fat accretion the 
optimum ratio is .65.
The reduction of net energy (either by dietary fiber addition or dietary fat 
removal) in low crude protein, crystalline amino acid supplemented diets did 
not decrease fatness in pigs fed these low crude protein, crystalline amino acid 
supplemented diets. Growth performance, carcass characteristics, organ 
weights, organ energy expenditures, and lean and fat composition of the 
carcasses were generally unaffected by dietary treatments. Thus, growth 
performance and fatness traits were similar for pigs fed low crude protein, 
crystalline amino acid supplemented diets compared to pigs fed high crude 
protein diets (ie., diets in which all amino acids were provided from intact 
protein sources). These fatness results were unexpected since low crude 
protein, crystalline amino acid supplemented diets have been reported to 
increase fatness in pigs. Therefore, the possible mechanisms for increased 
fatness, when it does occur, are still not understood.
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